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PEE  FACE. 


The  following  pages  are  an  instalment  of  the  Second  Edition 
of  the  Author's  "  Manual  of  Practical  Chemistry " — ^the  First 
Part  of  the  New  Edition  being  now  issued  separately  under 
the  title  of  ^^ Foods:  their  Composition  and  Analysis^*  and  the 
Second  Part  under  that  of  "  Poisons:  their  Effects  and  Detection'* 
The  reasons  for  the  alteration  of  the  title  are  sufficiently  ob- 
vious :  the  present  appellation  is  distinctiye,  rendering  impos- 
sible any  confusion  between  this  Manual  and  others  (of  a  widely 
different  scope  and  manner  of  treatment)  which  might  come 
equally  under  the  designation,  "  Practical  Chemistry, '* 

The  present  Volume,  however,  is  not  a  mere  reprint  of  the 
Division,  "  Foods,'*  in  the  First  Edition.  It  has  been  thoroughly 
revised  and  re-written,  where  necessary,  and  enlarged  by  the 
addition  of  new  matter  to  more  than  double  the  number  of 
pages  allotted  to  the  subject  in  the  original  work. 

The  Historical  Introduction  prefixed  is  the  result  of  consider- 
able labour  and  research,  and,  it  is  hoped,  will  be  found — 
together  with  the  review  of  English  Legislation,  Past  and 
Present,  relative  to  Adulteration — not  without  interest.  As 
in  the  First  Edition,  abstracts  of  a  few  legal  cases  are  given 
at  the  end  of  the  chief  Articles.  These  have  been  carefully  *  ^ 
selected,  as  illustrative  either  of  ingenious  defence,  or  of  certain 
points  in  the  Adulteration  Acts.  It  has  often  been  remarked 
that  private  individuals  rarely  avail  themselves  of  the  "Sale 
of  Food  and  Drugs  "  Act.  This,  probably,  is  due  to  insufficient 
acquaintance  with  the  technical  details  of  the  mode  of  proce- 
dure, and  the  Author  has,  therefore,  been  careful  to  explain  the 
"  Purchase "  sections  fully  in  their  relations  both  to  the  official 
Inspector  and  to  the  private  puroh&aer.  In  the  Appendix  "will 
be  found  the  Text,  entire,  of  the  Engliah   Jaws   at   present  in 
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operation,  as  well  as  the  best  and  most  recent  of  the  American 
Acts  relating  to  the  Adulteration  of  Food. 

In  the  Scientific  Portion  of  the  work,  the  professional  Chemist 
will  find  details  of  most  of  the  processes  of  any  value  in  Food 
Analysis  hitherto  published,  and  in  all  cases  (either  by  the  aid 
of  Footnotes,  or  in  the  BibUogi-aphy  appended  to  each  Article) 
the  original  source  of  the  information  is  indicated.  In  addition, 
are  given  a  large  number  of  Processes,  either  invented  or  im- 
proved  by  the  Author,  and  not  previously  published — such,  e.g.^ 
as  those  described  in  the  Articles  on  Milk,  Butter,  Tea,  Flour, 
Water,  &c. 

Numerous  Tables,  some  of  which  are  indispensable  and  others 
convenient,  have  also  been  added ;  and  new  Illusti-ations,  from 
original  drawings,  introduced. 

The  Article  on  Milk — a  special  feature  of  the  First  Edition — 
is  still  further  enlarged,  and  contains  the  Author's  most  recent 
researches  on  the  subject.  It  may,  perhaps,  be  considered  a 
fairly  complete  Monograph.  In  the  Article  on  Water  (added  by 
request)  the  application  of  an  improved  process  for  combustion 
in  a  vacuum  is  detailed,  and  the  importance  of  Biological 
methods  of  examination  is  insisted  upon — not  as  supplementary 
to  Chemical  tests,  but  as  of  equal  (if  not  of  superior)  value  to 
these. 

Though  the  scope  of  the  Manual  is  mainly  that  of  a  Labora- 
tory Handbook,  yet  the  dietetic  and  medical  aspects  of  the  more 
important  Foods  are,  where  necessary,  fully  considered,  and  the 
Author  believes  that  a  great  proportion  of  the  work  is  thus  of 
that  genei*al  interest  which  will  render  it  useful  to  those  who, 
without  much  chemical  knowledge,  yet  desire  to  have,  in  a  form 
admitting  of  easy  reference,  the  latest  information  relative  to 
Foods  and  Beverages. 

In  conclusion,  he  can  only  express  a  hope  that  the  work,  in 
its  new  shape,  will  be  found  widely  useful,  and  more  worthy 
of  the  very  kind  reception  accorded  to  the  First  Edition. 


COUHT  HOUSB,  St.  MABTUBOSKt 

April,  1882. 
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PART  l.-HISTORY  OF  ADULTERATION. 


I.— EARLY    NOTICES    OF   ADULTERATION, 
ESPECIALLY  IN  ENGLAND. 

§  1.  Before  adulteration  commences,  commerce  must  develop. 
In  primitive  states  of  society,  there  may  be  knavish  tricks, 
ignorant  bartering,  substitutions  of  bad  for  good,  £EJseness  and 
meanness  of  all  kinds,  but  no  systematic  sophistication  is  possible. 
Again,  in  the  semi-pastoral  state  (as  it  existed  in  some  parts  of 
Scotland  a  century  ago),  in  which  the  food  of  a  family  is  raised 
from  the  soil  on  which  they  dwell,  and  clothing  produced  from  their 
own  sheep  and  spun  into  textile  garments  at  their  own  fireside, 
commercial  frauds  are  unknown  or  undeveloped. 

There  are  several  notices  of  ancient  sophistications  practised 
by  the  Greek  and  Roman  traders;  but  it  is  from  the  Middle  Ages 
that  the  most  copious  and  interesting  materials  for  a  history  of 
adulteration  are  obtained — a  page  of  history  but  little  explored, 
yet  abounding  with  curious  facts  more  or  less  illustrative  of  the 
manners  of  the  times. 

The  mixing,  or,  rather,  alloying  of  gold  or  silver  with  the 
baser  metals,  may  be  justly  considered  of  the  nature  of  adultera- 
tion, and  has  prevailed  contemporaneously  with  the  art  of  coinage. 
The  well-worn  tale  of  the  detection  of  the  base  metal  in  the  crown 
of  Hiero  by  Archimedes,  some  two  and  a  half  centuries  before 
Christ,  may  be  accepted  as  probably  the  earliest  scientific  detec- 
tion of  adulteration.  The  process  used  hy  the  philosopher  of 
Syracuse  when  disehai^g  the  duties  of  &  public  analyat^  and  now 
ailed 0peci£c gnvitjr,  ia  quantitative  as  well  as  qaalitatlve,  and, 
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though  purely  phjsica],  is  used  dailj  bj  all  engaged  in 
chemistry. 

Yitruvius*  in  his  work  on  architecture  desoribea  the  adultera- 
tion of  minium  with  lime.  He  also  gives  a  simple  prooess  for  its 
detection  :  heat  to  redness  on  a  sheet  of  iron ;  if  pure,  it  will 
blacken,  but  on  cooling  return  to  its  former  hue. 

Dioscorides  alludes  to  the  adulteration  of  opium  with  gum  and 
with  the  milky  juice  of  glaucium  and  lactuca.  The  test  for  dis- 
tinguishing the  pure  from  the  fiedse  was  primitive  :  the  opium  was 
to  be  burnt ;  if  pure,  the  flame  was  dear  and  brilliant,  but  the 
adulterated  burned  with  difficulty.  The  quality  of  the  opium 
was  also  to  be  judged  by  its  behaviour  when  exposed  to  the  rays 
of  the  sun  ;  when  opium  of  good  quality  lique6es,  it  looks  as  if 
it  had  just  come  from  the  plant.f  He  also  specifies  the  adultem^ 
tions  of  several  drugs ;  as,  for  example,  the  mixing  of  styrax  resin 
with  styrax  sawdust. 

Pliny,  among  other  matters,  alludes  to  the  frauds  practised  by 
bakers ;  for  they  added  to  the  bread  a  white  earth,  soft  to  the 
touch  and  sweet  to  the  taste,  which  was  obtained  from  a  hill 
called  " Leucogee,^  situated  between  Pouzzoles  and  Naples.  It 
has  been  suggested  that  the  white  earth  was  carbonate  of  mag- 
nesia; this  is  doubtful.^ 

He  also  speaks  of  the  adulteration  of  aerugo  (under  which 
name  was  confounded  both  the  acetate  and  sulphate  of  copper) 
with  shoemaker's  black  atramentu  sutarium,  and  gives  a  true 
chemical  method  for  its  discovery.  Paper  is  to  be  soaked  in  the 
juice  of  galls ;  if  the  aerugo  is  pure,  it  will  not  turn  the  paper 
black.  Another  method  was  to  put  the  substance  on  a  sheet  of 
red  hot  iron ;  if  sulphate  of  iron  had  been  added,  it  became 
covered  with  spots, § 

The  adulteration  of  wine  in  Athens  necessitated  the  appoint- 
ment of  a  special  inspector,  whose  duty  it  was  to  detect  and  stop 
these  practices.  Greek  history  has  handed  down  the  name  of  one 
Ccmt/iare,  who  excelled  in  ingenious  mixtures,  and  knew  how 
to  impart  the  flavours  of  age  and  maturity  to  new  wines.  His 
ingenuity  was  such,  that  it  was  commemorated  in  the  proverb: 
"  Artificial  as  Cantliare." 

In  Rome,  also,  wine  was  much  tampered  with ;  even  the  rich, 
according  to  Pliny,  could  not  obtain  the  natural  wines  of  Falerno, 
for  they  were  adulterated  in  the  cellars;  and  certain  wines  from 
Gaul  had  an  artificial  colour  given  to  them  by  means  of  aloes  and 
other  drugs.! I 

•  VitmviuB,  i.  ix.  c.  13.  f  Dioscorides,  iv.  65 ;  Pliny,  xx.  76. 

;  FJiny,  xviii,  29.  %  PVmy,  xxxW.  I  Op,  ciL 
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$  2L  In  onr  own  country,  and  in  Earope  generally,  from  the 
eleventh  century  onwards,  the  bakers^thebrewers,  the  ''pepperers," 
andthe  vintners,  were  most  frequently  accused  of  corrupt  practices. 
We  most  not,  however,  judge  too  harshly  of  the  tradespeople  of 
that  epoch,  for  morality  was  generally  low,  and  adulteration  an 
innocent  pastime  when  compared  with  the  frequency  and  magni- 
tude of  midday  highroad  robbery  and  midnight  violence. 

In  the  latter  part  of  the  twelfth  century,  that  which  would 
now  be  called  crime  became  the  favourite  amusement  of  the 
principal  citizens,  *^  who  would  sally  forth  by  night,  in  bands 
of  a  hundred  or  more,  for  an  attack  upon  the  houses  of  their 
neighbours.  They  killed  without  mercy  every  man  who  came  in 
their  way,  and  vied  with  each  other  in  brutality.  .  .  .  False 
weights,  false  measures,  feilse  pretences  of  all  kinds  were  the 
instruments  of  commerce  most  generally  in  use.  No  buyer 
would  trust  the  word  of  a  seller,  and  there  was  hardly  any  class 
in  which  a  man  might  not  with  reason  suspect  that  his  neigh- 
bour intended  to  rob  or  even  to  murder  him.''* 


ASSIZES  OF  BREAD-BAKERS. 

§  3.  The  sale  of  bread  was  regulated  in  England  as  early  as  the 
fourth  year  of  the  reign  of  John,  by  what  was  called  the  "Assize  of 
Bread,"  the  original  object  of  which  was  to  regulate  the  price  of 
bread  by  limiting  the  profit  of  the  baker  on  each  quarter  of  wheat, 
so  that  the  price  of  the  loaf  should  bear  a  certain  proportion  to 
the  price  of  the  quarter  of  wheat.  The  assize  of  John's  reign 
continued  in  force  until  1286,  when  it  was  repealed  by  "  T/te 
Statute  of  Assize" 

There  were  various  modifications  of  these  assizes,  and  they 
were  finally  abolished  in  1815.  The  "Assize  of  Bread  "  in  its 
influence  was  probably  the  exact  reverse  of  what  was  intended. 
On  the  one  hand,  the  development  of  trade  was  restricted  inju- 
diciously ;  and,  on  the  other,  the  bakers  often  suffered  unjustly, 
and,  therefore,  had  a  direct  inducement  to  recover  their  losses  by 
nefarious  practices.  Although,  at  the  institution  of  the  assize, 
adulteration  with  foreign  substances  was  not  the  main  object  of 
the  regulations,  yet,  as  time  went  on,  and  the  sins  of  the  bakers, 
both  male  and  female,f  accumulated,  clauses  with  regard  to  the 

•  "  A  Hittoiy  of  Crime. "   By  Luke  Owen  Pyke. 

■h  The  bakers,  aa  well  as  the  brewers,  were  oi  both  sexeS. 
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adulteration  of  bread  were  inserted,  and  the  later  ones  may  be 
considered  collectively  as  the  ancient  English  ''Bale  of  Food  Act.* 
The  assize  of  1582*  contained  the  following  : — **  If  there  be  any 
that  by  false  meanes  useth  to  sell  meale :  for  the  first  time  he  shall 
be  grievously  punished,  the  second  tyme  he  shall  lose  his  meale :  the 
III  tyme  he  shall  foreswere  the  towne  and  so  likewyse  the  bakers 
that  ofiende.  Also,  bouchers  that  sell  mesell  porke  or  mosen 
flesche  :  for  the  first  time  they  shall  be  grevonsly  amerced,  tor 
the  second  tyme  so  offendinge  they  shall  have  the  judgement  of 
the  pillory,  for  the  third  tyme  they  shall  be  comytted  to  pryson 
until  ransomed,  and  the  fourth  tyme  they  shall  forswore  the 
towne,  and  thus  ought  other  transgressors  to  be  punished  as 
cooks,  forestallers,  regrators  of  the  markets  when  the  cookeSy 
serve,  roste,  bake  or  any  otherwyse  dresse,  fysohe  or  flesche 
unwholesome  for  man's  body." 

The  assize  of  1634  had  some  stringent  regulations  with  regard 
to  musty  meal : — "  If  there  be  any  manner  of  person  or  persons, 
which  shall,  by  any  fiilse  wayes  or  meanes,  sell  any  meale  unto 
the  kinge*s  subjects,  either  by  mixing  it  deceitfully  or  [sell  any] 
musty  and  corrupted  meal,  which  may  be  to  the  hurte  and  infec- 
tion of  man's  body,  or  use  any  false  weight,  or  any  deceitful  wayes 
or  meanes,  and  so  deceive  the  subject,  for  the  first  offence  he 
shall  be  grievously  punished,  the  second  he  shall  lose  his  meale, 
for  the  third  offence  he  shall  suffer  the  judgement  of  the  pilloiy, 
and  the  fourth  time  he  shall  forswere  the  towne  wherein  he 
dwelleth." 

These  extracts  give  some  idea  of  the  punishments  inflicted  on 
dishonest  bakers  during  tlie  Middle  Ages  in  England.  First 
offences  were  often  visited  by  corporal  chastisement  and  exposure 
in  the  pillory  (generally  with  a  rope  and  a  loaf  round  the  neck); 
fourth,  and  even  third,  convictions  were  considered  so  heinous 
that  it  was  thought  better  to  cast  the  man  forth  from  the  city 
to  earn  his  livelihood  elsewhere. 

In  the  curious  paper  entitled  "A  Quip  for  an  Upstart  Courtier,*'t 
there  is  a  powerful  and  quaint  expostulation  with  the  different 
traders: — "And  for  you  goodman  baker, you  that  love  to  be  seen 
ill  the  open  market-place  upon  the  pillory,  the  world  cries  out 
on  your  wiliness :  you  crave  but  one  deere  yeare  to  make  your 
daughter  a  gentlewoman.    You  buy  your  come  at  the  best  hand, 

•  The  title  rnns  : — "Here  bcginneth  theboke  named  the  assyse  of  bread, 
what  it  ought  to  weye,  after  the  pryce  of  a  quarter  of  wheat,  also  the  assize 
of  ale,  with  all  manner  of  wood  and  cole,  lath,  bolside,  and  tymber,  and  the 
weight  of  butter  and  cheese.     Imprynted,  by  Thomas  Wyatt,  1582.*' 

f  The  "Quip  for  an  Upetart  Courtier"  was  written  in  1592.    The  original 
Is  in  black  letidr. 
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and  yet  will  not  be  <xmtent  to  make  your  bread  weight  by  many 
ounces.  Ton  put  in  yeatte  and  salt  to  make  it  heavie:  and  yet 
all  your  polioie  cannot  make  it.  The  poore  crie  out,  the  riche 
find  £ault,  and  the  lord  maior  and  the  sheriffs,  like  honourable 
and  worshmfol  maiestrates,  every  dale  walk  abroad  and  weigh 
your  breadC  and  yet  all  will  not  serve  to  make  you  honest  men. 
But  wete  extremities  used  and  the  statutes  put  in  the  highest 
degree  in  practice^  you  would  have  as  few  eares  on  your  heade  as 
the  coltyer."* 

The  manner  of  adulteration  seems  to  have  varied.t  Sometimes 
the  bread  was  made  altogether  of  *'  putrid  and  rotten  materials/' 
sometimes  it  was  good  outside  and  bad  within,  and  as  for  the 
addition  of  alum  or  mineral  matters,  such  was  only  detected 
when  in  considerable  quantity  and  coarsely  dona  The  more 
artful  mixtures  required  for  their  detection  the  application  of  a 
chemical  science  not  then  possessed.  The  following  may  serve 
as  examples  of  a  few  of  the  earlier  instances :— 

One  "Alan  de  Lyndseye,  baker,  was  sentenced  to  the  pillory 
because  he  had  been  convicted  of  baking  pain  demayn  that  was 
found  to  be  of  bad  dough  within  and  good  dough  without,  and 
because  such  falsity,  redounds  much  to  the  deception  of  the 
people  who  buy  such  bread." 

The  same  baker  seems  a  few  days  aflerwarda  to  have  been  again 
in  trouble,  for  ''Alan  de  Lyndseye,  baker,  and  Thos.  de  Fatimere, 
baker,  were  taken  and  brought  before  the  Mayor  and  Aldermen, 
and  sentenced  to  the  pillory  for  selling  bread  made  of  false, 
putrid,  and  rotten  materials,  through  which  who  bought  bread 
were  deceived,  and  might  be  killed. "j: 

A  similar  fraud  is  recorded  at  perhaps  an  earlier  date  (a.d. 
1311),  for  "the  bread  taken  from  William  de  Somersete,  baker, 
on  the  Thursday  next  before  the  Feast  of  St.  Lawrence  (Aug. 
10)  in  the  5th  year  of  the  reign  of  King  Edward  was  examined 
and  adjudged  upon.  ....  Because  it  was  found  that  such 
bread  was  putrid  and  altogether  rotten,  and  made  of  putrid 
wheats  so  that  persons  eating  that  bread  would  be  poisoned  and 
choked,  the  Sheriff  was  ordered  to  take  him  and  have  him  here 
on  Friday  next  after  the  Feast  of  St.  Lawrence,  then  to  receive 
judgment  for  the  same.''§ 

*  The  sanitary  state  of  the  bakehouses  in  the  fifteenth  and  sixteenth 
centuries  was,  as  a  role,  bad.  According  to  Mr.  Pyke,  they  appear  to  have 
been  the  fiivoorite  receptacle  for  dead  iKKlies  after  a  mnrder  had  been  com- 
mitted.   "  A  History  of  Crime,"  by  Luke  Owen  Pyke,  M.  A.   Vol.  1.,  p.  256. 

t  In  the  reign  of  Ediinurd  I.  it  was  enacted  at  one  of  the  "  HaUmotes," 
that  DO  bread  should  be  coated  with  bnn,  or  bo  as  to  he  found  worae  when 
broken  than  it  WMt  on  the  outside. 

t  ^'MemonMb  of  London,"  by  H.  T.  BUey,  pp.  120,  121.  §  Op.  cit. 
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Mr.  Pjke,  in  his  "  History  of  Crime,"*  speaks  of  loavet  being 
adulterated  in  the  Middle  Ages  by  lamps  of  iron,  probably  refer- 
ring to  tbe  following  case.  ''On  Wednesday  next  after  tbe 
Feast  of  St  Matthew  the  Apostle  (lltb  of  Sept,  a.d.  1387>  in 
the  11th  year,  Richard  Porter,  servant  of  John  Oibbe,  baker,  of 
Stratforde,  was  brought  here  before  Nicholas  Extone,  Mayor  of 
the  said  city,  John  Hafile,  and  other  Aldermen,  and  questioned 
for  that  when  the  same  Mlayor  on  that  day  went  into  «hepe  to 
make  assay  there  of  bread,  according  to  the  custom  of  the  dty, 
he,  the  said  Robert,  knowing  that  the  bread  of  his  master  in  a 
certain  cart  there  was  not  of  full  weight,  took  a  penny  loai^  and 
in  it  falsely  and  fraudulently  inserted  a  piece  of  iron  weighing 
about  6s.  8d.  (4  oz.),  with  intent  to  make  the  said  loi^  weigh 

more He  was  sentenced  to  the  pillory  with  the  loaf 

and  iron  round  his  neck,  and  the  cause  of  the  pomshmemt  was 
proclaimed  by  the  Sheriffs."t  But  the  placing  of  a  mass  of  metal 
in  a  loaf  under  the  circumstances  recorded  is  somewhat  different 
from  adulteration,  for  the  man  slipped  in  the  iron  to  avoid  a 
conviction  for  false  weights. 


BREWERS  AND  VINTNERS. 

§  4.  Beer, — The  fraudulent  practices  of  the  early  brewers  are 
thus  detailed  in  the  Black-letter  Tract  before  mentioned  :  "  And 
you  maister  brewer,  that  growe  to  be  worth  forty  thousand  pounds 
by  selling  of  soden  water,  what  subtil  ty  have  you  in  making 
your  beere  to  spare  the  malt,  and  put  in  the  more  of  the  hoppe, 
to  make  your  drinke,  be  barley  never  so  chcape,  not  a  whit  the 
stronger  and  yet  never  sell  a  whit  the  more  measure  for  money. 
You  can  when  you  have  taken  all  the  harte  of  the  malt  away, 
then  clape  on  store  of  water,  t*is  cheape  enough!  and  mashe  out  a 
turning  of  small  beare,  like  rennish  wine :  in  your  conscience 
how  many  barrels  draw  you  out  of  a  quarter  of  malt  ?  Fie ! 
^Q !  I  conceal  your  falsehood,  least  I  should  be  too  broad  in 
setting  down  your  faults."  Not  only  the  brewer  but  the  retailer 
of  the  beer,  was  also  condemned. 

"  Last  to  you  Tom  Tapster,  that  take  your  small  Cannes  of 
beere,  if  you  see  your  guests  begin  to  be  drunke,  halfe  smal  and 
halfe  stronge ;  you  cannot  be  content  to  pinch  with  your  small 
j)ottes  and  your  ostrie  faggots,  but  have  your  dnigges  and  draw 

*  Vol  L,  p.  237.  t  Riloy's  "MemotiaAa  oi  lioxi^oTi;'  ^.  ^a^. 
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men  on  to  villany  and  to  bring  customers  to  your  house  where 
you  sell  a  joint  of  meat  for  xii.  pence  that  cost  you  scarce  six, 
and  if  any  chance  to  go  on  the  skore,  you  skore  him  when  he  is 
asleep  and  set  up  a  pot  a  day  more  than  he  hath,  to  find  you 
drinking  pots  with  your  companions.  To  be  short,  thou  art  a 
knave  ! " 

As  early  as  the  reign  of  Edward  the  Confessor,  we  find  it 
recorded  in  Domesday  Book  that  in  the  city  of  Chester  a 
knaTiah  brewer,  "  malam  cerevisiam/acimSf  in  cathedra  ponebatur 
wUreoris** — in  other  words,  the  offender  was  taken  round  the 
town  in  the  cart  in  which  the  refuse  of  the  place  had  been 
collected,  and  to  this  degradation  was  often  added  corporal 
chastisement. 

In  many  towns  in  the  sixteenth  century,  we  find  '^ ale-tasters," 
whose  duty  it  was  to  inspect  the  beer. 

In  1529,  for  example,  the  Mayor  of  Guildford  ordered  that  the 
brewers  make  a  good  useful  ale,  and  that  they  sell  none  until  it  be 
tasted  by  the  ''ale-taster."  These  officials  had  to  take  the  follow- 
ing oath: — "You  are  chosen  ale-tasters  of  this  town.  You  shall 
well  and  truly  serve  his  Majesty  and  this  town  in  the  same 
office.  You  shall  at  all  times  try,  taste  and  assize  the  beer  and 
ale  to  be  put  to  sale  in  this  liberty,  whether  the  same  be  whole- 
some for  man's  body,  and  present  those  that  offend,  or  refuse  to 
suffer  you  to  assay  ifc.  You  shall  giye  your  attendance  at  all 
courts,  and  present  from  time  to  time  the  offenders,  and  all 
things  else  belonging  to  your  office  you  shall  do  and  execute. 
So  help  you  God."  The  ale  was  not  only  tasted,  but  some  of  it 
was  spilt  on  a  wooden  seat,  and  on  the  wet  place  the  taster  sat, 
attired  in  leathern  breeches,  then  common  enough.  If  sugar  had 
been  added  to  the  beer,  the  taster  became  so  adherent,  that 
rising  was  difficult;  but  if  sugar  had  not  been  added,  it  was  then 
considered  that  the  dried  extract  had  no  adhesive  property.  A 
less  coarse,  but  not  dissimilar,  method  was  also  applied  by  the 
earlier  Inspectors  to  test  the  purity  of  milk. 

§  5.  Wine. — The  frauds  of  the  vintners  or  winesellcrs  attracted 
some  share  of  public  attention  in  the  sixteenth  and  seventeenth 
centuries,  as  shown  by  municipal  records,  fugitive  tracts  and 
broadsides.  In  August,  1553,  a  certain  Paul  Bamardo  brought 
into  the  port  of  London  some  wine,  and  there  is  extant  an  order 
in  council  directing  the  Lord  Mayor  to  find  five  or  six  vintners 
to  rack  and  draw  off  the  said  pipes  of  wine  into  another  vessel, 
and  to  certify  what  drugs  or  ingredients  they  found  in  the  said 
wine  or  cask  to  sophisticate  the  same.  *  At  a  later  date  the  records 

*  Jfememdrancia,  vii  92, 
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of  the  Common  Council  contain  a  certificate  firom  the  Lord  Mayor 
to  the  lords  of  the  council  stating  that  the  wines  of  a  oertein 
**  Peter  Van  Payne"  had  been  drawn  off  in  his  presence^  and  that 
in  eight  of  the  pipes  had  been  found  bundles  of  weeds^  in  four 
others  some  quantities  of  sulphur,  in  another  a  piece  of  matcht 
and  in  all  of  them  a  kind  of  grayel  mixture  sticking  to  the  casks; 
that  they  were  conceived  to  be  unwholesome  and  ot  a  nature 
similar  to  others  formerly  condemned  and  destroyed.*  In  ''The 
Search  after  Claret,"  by  Richard  Ames,  a  thin  quarto,  the 
last  leaf  is  occupied  by  the  following  advertisement :  '*If  any 
vintner,  wine-cooper,  ^,  between  Whitechapel  and  Westminster 
Abbey,  have  some  tuns  or  hogsheads  of  old  rich  unadulterated 
claret,  and  will  sell  it  as  the  law  directs  for  sixpence  a  quarts 
this  is  to  give  notice,  that  he  shall  have  more  customers  than 
half  his  profession,  and  his  house  be  as  full  from  morning  to  ni^t 
as  a  conventicle  or  Westminster  Hall  the  first  day  of  tenn.*'t 

Later,  the  vintners  became  more  scientific  in  their  operations. 
Addison  (in  the  Taller,  No.  131,  1710)  alluded  to  a  certain  fra- 
ternity of  chemical  operators  who  wrought  imderground  in  holes, 
caverns,  and  dark  retirements  to  conceal  their  mysteries  from  the 
eyes  and  observations  of  mankind.  "  These  subtle  philosophers 
are  daily  employed  in  the  transmutation  of  liquors,  and  by  the 
power  of  magical  drugs  and  incantations  raise  under  the  streets 
of  London  the  choicest  products  of  the  hills  and  valleys  of 
France  ;  they  squeeze  Bordeaux  out  of  the  sloe,  and  draw  Cham- 
pagne  from  an  apple." 


SPICES—DEUGS. 

§  6.  The  London  pepperers,  or  spicers,  formed  a  separate 
guild,  and  were  under  special  ordinances.  The  ordinance, 
A.D.  1316,  in  Norman-French,  has  the  following  regulations  : — 
**  No  one  of  the  trade  or  other  person  in  his  name,  for  him 
shall  mix  any  manner  of  wares,  that  is  to  say,  shall  put  old 
things  with  new,  or  new  things  with  old,  by  reason  whereof  the 
good  thing  may  be  impaired  by  the  old,  nor  yet  things  of  one 
price,  or  of  one  sort,  with  other  things  of  another  sort ;  also,  that 
no  man  shall  dub  any  manner  of  wares,  that  is  to  say,  by  putting 
in  a  thing  that  was  in  another  bale,  and  then  dressing  the  bale  up 

*  Bemembrancia,  viii.,  12th  July,  1635. 

f  ^'Tbe  Search  after  Claret,  or  a  Visitation  of  the  Vintners."    A  Poem  in 
TWo  Cantoe.    2nd  Ed.,   London,  1697.    4to. 
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again  in  another  manner  than  the  former  in  which  it  was  first 
bonght^  so  as  to  make  the  ends  of  the  bale  contain  better  things 
than  the  remainder  within  the  bale,  by  reason  whereof  the  buyer 
may  be  deceived,  and  so  lose  his  goods.  Also,  that  no  man  fihall 
moisten  any  manner  of  merchandise,  such  as  saffiron,  alum,  ginger, 
cloTeSy  and  such  maimer  of  things  as  may  admit  of  being 
moistened ;  that  is  to  say,  by  steeping  the  ginger,  or  turning  the 
saffron  out  of  the  sack  and  then  anointing  it,  or  bathing  it  in 
water ;  by  reason  whereof  any  manner  of  weight  may,  or  any 
deterioration  arise  to  the  merchandise."* 

In  England  the  trades  of  the  druggist  and  the  grocer  were  com- 
bined. Drugs  and  groceries  were  sold  in  the  same  shop,  and  they 
were  under  the  same  regulations  until  1617,  when  the  apothe- 
caries separated  themselves  fix)m  the  grocers.  Very  soon  after 
they  had  become  a  distinct  body,  they  began  to  complain  of  the 
frauds  and  artifices  of  the  grocers,  from  whom  they  continued  to 
be  supplied  with  many  drugs;  and,  therefore,  established  a  dis- 
pensary for  the  purpose  of  compounding  the  more  important 
preparations  themselve&  In  1540  the  physicians  were  empowered 
to  search,  view,  and  see  the  apothecary- wares  and  stuffs,  and  to 
destroy  such  as  they  found  unfit  for  use.  In  1553  very  exten- 
sive powers  were  conferred  on  the  College  of  Physicians  for  this 
purpose.  *'  The  four  censors,  or  any  three  of  them,  shall  have 
authority  to  examine,  survey  or  govern,  correct  and  punish  all 
and  singular  physicians  and  practisers  in  the  faculty  of  physic, 
apothecaries,  druggists,  distillers,  and  sellers  of  waters  and  oils, 
and  preparers  of  chemical  medicines,  according  to  the  nature  of 
his  or  their  offences."  The  great  power  of  the  censors  was  on 
more  than  one  occasion  abused.  In  1724,  for  example,  they 
burnt  the  drugs  of  one  "  Goodunrij**  the  drugs  not  having  been 
examined,  and  the  history  of  the  whole  affair  showing  that  the 
act  was  merely  a  gratification  of  private  spite.  Goodwin  peti- 
tioned Parliament,  and  ultimately,  it  is  said,  obtained  X600  com- 
pensation. 

The  College  of  Physicians  compiled  the  first  Pharmacopoeia, 
and  published  it  in  1613.  Subsequent  editions  bear  the  date 
of  1621,  1632,  1650,  &c  As  may  be  expected,  the  early  editions 
contain  lists  of  very  absurd  and  superstitious  remedies,  and  have 
no  pretensions  to  a  scientific  character.t 

*  Riley's  "Memorial  of  London."  p.  120. 

t  See  "  Historical  Sketch  of  the  Hutory  of  Pharmacy."  By  Jacob  Bell. 
LoDd.,  1861. 
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IL— ADULTERATION  IN  FRANCE 

§  7.  In  France,  from  very  early  times,  tBe  general  sapervimon 
of  provisions,  as  to  parity  and  quality,  and  the  inspection  of 
weights  and  measures,  were  under  the  "  poUee  des  comnU89aiir€$^* 
and  various  special  statutes  were  enacted  from  time  to  time. 
Thus,  an  ancient  statute  (1292)  of  the  Paris  brewers  forbade  the 
adulteration  of  beer ;  "  whoever  put  into  beer  baye,  pimento  or 
'  poix  resine*  was  to  be  fined  20  francs,  and  his  brasnns  were  to 
be  confiscated,  for  such  things  are  neither  good  nor  lojral  to  put 
in  beer,  for  they  are  bad  for  the  head  and  for  the  body,  for  the 
healthy  and  the  sick."  A  later  statute,  dated  March  16,  1630, 
among  various  sanitary  provisions,  forbade  the  use  of  buckwheat, 
"  y  vtoye  or  other  bad  matters  under  a  penalty  of  40  Parisian 
pounds.*'  Judges  were  also  to  examine  the  materials  before  use, 
in  order  to  see  that  there  was  nothing  in  them  impure,  heated, 
mouldy  or  spoiled.  If  such  were  found,  the  materials  were  to  be 
cast  into  the  river.t 

§  8.  Flour  and  Bread, — There  were  various  special  regulations 
as  to  flour  and  bread  ;  by  an  Ordonnance  of  the  Provost  of  Paris, 
October  11,  1382,  the  miller  was  to  grind  the  corn  without 
mixing  it,  to  increase  his  fee,  with  bran,  pease,  beans,  or  anything 
else  save  that  which  had  been  given  him  to  grind.J  Later,  by  a 
decree,  dated  July  13,  1420,  the  bakers  were  forbidden  to  be 
millers,  it  being  thought  that  if  they  ground  the  wheat  as  well  as 
made  it  into  bread,  there  would  be  facilities  for  fraudulent  deal- 
ing. The  punishment  of  bakers  for  false  bread — whether  the 
falseness  were  admixture  of  foreign  substances,  the  use  of 
damaged  flour,  or  simply  light  weight — was  very  similar  to  that  of 
English  bakers,  except  that  it  partook  more  of  the  character  of 
a  religious  penance.     Thus,  in  1525,  a  baker  convicted  of  "  false 

*  "  La  police  des  commisftaires.  .  .  Uest  de  leurs  soins  de  faire  punir  U 
dfhit  dfts  vivres  corrumpus,  alierez,  falsifiez^  Its  faux  poids  et  lea  faux  mesurfs. " 
Traite  de  la  Police  de  la  Mare,     Tom.  i.  liv.  i.  titre  xi.,  chap.  vi. 

+  **  La  police  dejt  commtAsaires  visitoient  les  marchez,  et  il  estoU  de  leurs 
soins  d*y  procurer  I'aboudance  des  vit^re^  et  des  autres  provisionc  n^cessaires  a 
la  subsistance  des  citoyens^  Us  empecfioient  qu^il  ne  s^y  commist  aucune  /raude, 
soU  en  la  qualitti  ou  au  prix^  soit  au  poids  ou  en  la  mcsure^  Us  estoient  princi' 
paUment  charges  dese  donner  tous  les  soins  a  Cegard  destjrainSy  dapain^  de  la 
viande,  et  du  vin.**     Loc.  cit, 

X  '*  Qtie  nul  meusnier  ne  soit  si  osS  ne  si  hardy  sur  quanque  U  se  pent 

mefaire  envers  le  roy^  en  corps^  et  en  hienSy  de  menler^  mettre  on  fair  mettre  en 

aucune  manifre  esfarines  des  blez  quHls  moxulront  aucune  mixtion  ou  meslee, 

pour  rendre  plus  grande  mouture^  comme  de  bran^  d'orge,  de  poiSf  de/eves,  ou 

€Mtires  chases  qudcMiqueSy  qui  ne  soit  du  bU  (pii  Uur  sera  baiUi,^*     TraiU  de  la 

J^o&ee,  t  ij,  liv,  v,  titre  ix. 
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breftd"  was  condemned  by  the  court  to  be  taken  from  the  Chate- 
let  prison  to  the  cross  before  the  ''  Eglise  des  Carmes/'  and 
thence  to  tlie  gate  of  Notre  Dame  and  to  other  public  places  in 
Paris,  in  his  shirt,  haying  the  head  and  feet  bare,  with  small 
loaves  hang  from  his  neck,  and  holding  a  large  wax  candle 
lighted,  and  in  each  of  the  places  enumerated  he  was  to  make 
**  amende  honorable"  and  ask  mercy  and  pardon  of  God,  the  king, 
and  of  Justice  for  his  fault.*  False  weights  were  also  often 
punished  by  corporal  punishment.  In  1491  the  case  of  three 
bakers  is  recorded,  who,  having  been  convicted  of  selling  loaves 
'^  too  small,"  were  stripped  and  beaten  with  rods  through  the 
streets  of  Paris,  and  were  admonished  for  the  future  to  sell  the 
tiiree  kinds  of  bread  ordered  by  the  law,  of  the  weight  and  quality 
they  ought  to  be.f  In  still  later  times,  we  find  the  practice  of 
the  courts  remarkably  severe.  In  1699,  a  baker  named  Pasquier, 
was  convicted  of  converting  into  bread  bad  and  unwholesome 
flour.  Sacks  filled  with  good  fiour  and  others  filled  with  bad, 
had  been  found  on  bis  premises,  and  it  was  affirmed  that  ho  had 
Diized  the  two  together.  He  was  fined  500  livres,  his  oven  de- 
molished, and  his  shop  closed  for  six  months  with  a  placard  upon 
it  stating  the  crime  and  the  punish  men t.:j: 

§  9.  Wine. — A  curious  decree  of  the  Provost  of  Paris,  in  1371, 
compelled  the  tavern-keepers  to  permit  any  one  who  purchased 
wine,  whether  to  be  drunk  on  the  premises  or  taken  away,  him- 
self to  see  the  wine  drawn  from  the  cask.  The  penalty  was,  for 
neglect  or  disobedience  to  this  law,  four  Parisian  pounds,  one- 
Iburth  of  which  went  to  any  informer. 

An  Ordonnance  of  January  30,  1330,  forbade  the  mixing  of 
two  wines  together ;  no  wine-seller  was  to  give  a  false  name  to  a 
wine,  or  to  give  a  wrong  description  of  its  age  ;  the  penalty  was 
confiscation  of  the  wine  and  a  fine.  Similar  edicts  were  promul- 
gated in  1415,  1G35,  and  1672.  Still  the  evil  did  not  diminish, 
and  in  1708  two  hundred  inspectors  of  wine  and  drinks  were 
appointed  in  Paris. 

The  "Baillie"  of  Bergheim,  in  1718,  had  condemned  to  a 
month's  imprisonment  one  Andr^,  who  had  falsified  his  wine  with 
some  poisonous  plant  (probably  belladonna),  and  his  wife,  who 
had  sold  the  wine,  to  a  month's  imprisonment,  and  a  fine  of  130 
livres.  This  wine  caused  the  death  of  one  person,  and  the  illness 
of  several  who  had  partaken  of  it.  The  sentence  having  been 
annulled  on  the  appeal  of  the  condemned  to  the  Superior  Council 
of  Alsace,  Andre  and  his  wife  were  ultimately  ordered  to  be  led 

•  Op.  cit.,  tome  ii.  livre  v.  titre  xii 

■f  Op.  ciL,  tome  U.  livre  v.  titre  xiL 

^  Traiade  la  J'o/ice,  t  i.  livre  iv.  titre  iv.    p.  570. 
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by  two  sergeants  for  one  day  through  the  streets  of  Bergheun, 
carrying  placards  both  before  and  behind,  with  "frdatrntrs  de 
vin"  printed  thereon.  They  had  also  to  pay  30  liyres  fine, 
*'pour  faire  prier  Dieu  pour  b  repoe  de  Fdme  du  d^uni/'  and 
the  fine  of  130  livres,  pronounced  by  the  first  jndga  The 
council  promulgated  a  very  severe  decree  directed  agunst  such 
practices. 

It  was  also  forbidden  to  adulterate  wine  with  litharge,  Indian 
wood,  isinglass,  **rainn  de  boia^  or  other  drugs,  or  mixtures 
capable  of  injuring  the  health  of  those  who  drank  the  wine,  under 
a  penalty  of  500  livres  and  corporal  punishment  Eyen  the  pos- 
session of  matters  likely  to  be  used  for  adulteration  was  an 
offence.  So  late  as  1710,  one  Denys  Porcher  and  his  wife  were 
convicted  of  conveying  barrels'  of  **fnn  de  nUein  de  Sow  **  into 
Paris.  They  were  fined  30  livres,  the  four  barrels  of  wine  were 
spilt  on  the  pavement,  and  the  sentence  placarded  in  Paris  and 
various  places  around. 

§  10.  Butler. — An  Ordomiance*  of  the  Provost  of  Paris,  dated 
November  25,  1396,  forbade  the  colouring  of  butter  with  "soucy 
flowers,"  other  flowers,  herbs,  or  drugs.  Old  butter,  likewise, 
was  not  to  be  mixed  with  new,  but  the  sale  was  to  be  separate, 
under  penalty  of  confiscation  and  fine. 

The  ancient  laws  of  the  merchant  butter-sellers  and  fruiterers, 
confirmed  in  1412,  reiterated  the  above,  and  also  forbade  the  sale 
of  butter  in  the  same  shop  in  which  fish  was  sold.  The  retail  or 
sale  of  butter  by  spicers,  chandlers,  apothecaries,  and  generally  by 
all  carrying  on  offensive  trades,  was  made  illegal  A  subsequent 
enactment  in  1519  confirmed  this  law. 

§  11.  Drugs, — The  drug-sellers  were  also  under  regulation,  and 
without  doubt  their  practices,  with  regard  to  sophistication,  were 
quite  on  a  par  with  those  of  other  trades.  Gargantua  in  Paris  is 
made  to  visit  the  shops  of  druggists,  herbalists,  and  apothe- 
caries, where  he  ''  diligently  considered  the  fruits,  roots,  leaves, 
gums,  seeds,  the  grease  and  ointment,  of  some  foreign  parts,  as 
also  how  they  did  adulterate  them — t.e.,  all  the  said  drugs. "t 

In  the  Middle  Ages  the  French  apothecaries  were  at  first 
confounded  and  amalgamated,  as  in  England,  with  the  merchant 
spicers;  but  in  1777  the  two  trades  were  separated,  and  they 
formed  a  definite  body.  In  the  fifteenth  century  the  shops  were 
little  more  than  open  booths,  as  may  be  seen  from  a  miniature 
in  ^^Le  R^me  dee  Princes,**  a  manuscript  of  the  fifteenth  century, 
preserved  in  the  Arsenal  Library,  Paris. 

ilip  VI.,  as  early  as  1336,  issued  a  regulation  by  which  no 

*  Traits  de  la  Police^  tome  i,  livre  iv.  UtiQ  ix. 
f  "B&heUiB,''  cxziv.,  p  53. 
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one  oonld  be  an  apothecary  nnless  he  was  a  bom  or  naturalised 
Frenchman,  and  a  good  Catholic.  According  to  the  law,  neither 
the  spioers  nor  the  apothecaries  were  permitted  to  employ  in  the 
preparation  of  their  medicines,  drags,  confections,  conserves,  oils, 
or  iyrape,any  sophisticated  or  exhausted  or  corrupted  drug^, under 
penalty  of  a  fine  of  fifty  livres,  and  the  seizure  and  burning  of 
the  merchandise  thus  adulterated  in  front  of  the  dwelling  in 
which  it  had  been  found. 

Charles  VIII.  released  the  apothecaries  from  some  of  the  strict 
regulations  of  earlier  times,  and  both  he  and  his  successors  were 
the  aathors  of  many  edicts  relative  to  the  apothecaries  and 
ipioers ;  besides  which  these  trades  were  regulated  by  local 
enactments  in  different  towns. 

$  12.  CanseiU  de  Salubrite.^lji  1802  the  ''Cofueil  de  SalubriW' 
▼as  established  in  Paris.  It  originally  consisted  of  only  four 
members,  and  took  cognisance  of  adulteration,  epizootics,  un- 
healthy trades,  and  a  little  later  of  the  administration  of  prisons 
and  pnblic  charities.  Afterwards  the  Coiueil  had  the  direction, 
generally  speaking,  of  public  hygiene. 

The  Corieil  de  Salubrite  of  the  Seine  in  its  later  development 
was  composed  of  fifteen  titular  and  six  supplementary  members, 
including  also  several  honorary  members,  with  others,  who,  by 
virtue  of  their  office,  were  members  of  the  committee.  These 
were,  the  Dean,  the  Professors  of  Hygiene,  of  Legal  Medicine,  and 
of  the  Faculty  of  Medicine,  a  Member  of  the  *'  Canseil  de  Sanie 
det  Armees"  the  Director  of  the  School  of  Pharmacy,  the  General 
Secretary  of  the  Prefecture  of  Police,  the  Inspector-General  of 
the  bridges  and  causeways,  besides  engineers,  architects,  and  the 
chiefs  of  the  police  departments.  Most  of  the  provinces  followed 
the  example  of  the  capital,  and  established  **  Canseils  de  Salu- 
hriier  All  these  boards,  whether  provincial  or  Parisian,  had  one 
essential  feature  in  common — ^viz.,  that  the  medical,  veterinary, 
and  chemical  professions  were  always  represented  on  them. 
Whatever  expert  a  town  possessed,  would  probably  have  a  voice, 
and  find  a  seat,  in  the  ^^Coneeil  de  Scdvbritey  From  these  health 
boards,  or  committees,  very  excellent  reports  have  emanated,  and 
they  continue  at  the  present  time  to  do  useful  work. 


. III.— ADULTERATION  IN  GERMANY. 

§  13.  If  we  turn  to  the  records  of  Germany,  we  find  that  aU 
those  who  adulterated  faoda  or  drinks  in  the  Middle  Ages  were 
pxmiabed  gevereJj,  with  painful  and  diabonouring  penalties,  BUcb 
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as  public  exposure  of  the  frmad  end  wlupping  at  the  gete.  The 
earliest  regnlatioiis*  related  more  to  the  goodneei  of  the  work  and 
the  general  qualitj  of  the  goods  prodoeed,  than  to  adalteration. 
Everr  considerable  trade  was  a  lit  de  corporation,  and  bad  workman- 
ship or  ffJsit  V  in  the  goods  offered  was  an  offence  against  the  guild 
itself;  the  member  was  eonaeqaently  expelled  or  punished  bj  the 
officers  of  the  guild.  For  example^  in  1 272  the  two  sworn  masters 
of  the  bakers'  guild  at  Berlin  were  held  responsible  for  seeing 
that  good  bread  was  baked.  The  tailors  of  Berlin  and  the  baken 
of  Basil  excluded  a  man  for  ever  from  their  respective  goildsi  if 
guilt  J  of  bad  workmanship  (1333)l  The  Berlin  weavers,  not 
quite  so  severe,  excommonicated  the  offender  against  their  regu- 
lations for  one  year  (1295).  The  fidse  batcher  at  Augsbuig 
(1276)  was  expelled  from  the  city  for  a  month.  In  Narembeig 
almost  everything  was  regularly  inspected  ;  there  was  a  Bdfdhr- 
8chau,  a  ''  Sa/ransehaUy"  and  a  **  Schau  "  with  regard  to  brandy, 
drugs,  syrup,  hops,  roses,  tobacco,  iron,  meat,  salt-fish,  honey, 
leather,  and  many  other  things.  It  was  at  a  ^  Safiranschau  "  in 
1444,  that  one  Jobst  Fendeker  was  burnt,  together  with  his  false 
saffron,  and  in  the  following  year  two  men  and  a  woman  were 
buried  alive  there  for  the  same  otfence.f 

In  all  the  cities  of  Germany  there  were  copious  regulations 
with  regard  to  three  things — bread,  wine,  and  drugs. 

§  14.  Bread. — In  Nureinber<j,  in  the  fifteenth  century,  the 
baker  was  not  allowed  to  mix  the  difierent  kinds  of  corn,  which 
must  be  baked  separately.  In  Augsbur*;,  it  would  appear  that  there 
were  no  less  than  six  different  kinds  of  bread.ij:  The  punishments 
for  otfending  bakers  were  various.  In  some  places  the  delinquent 
was  put  in  a  basket  at  the  end  of  a  long  pole  and  ducked  in  a 
muddy  pool,  similar  treatment  to  that  which  in  England  befell 
"  the  Scolds." 

§  15.  Wine. — According  to  an  old  Augsburg  chronicle,  it  was 
in  1453  that  the  adulterated  wine  of  the  Franks  first  appeared  in 
that  city;  but  there  is  abundant  evidence  to  show  that  wine  had 
been  tami)ered  with  previously,  and  in  1390,  one  Ludwig  von 
Langenhaus  was  sentenced  to  be  led  out  of  the  city  with  his  hands 

•  A  small  work,  **Dcr  Kampf  gejren  die  LebcDsmittelfdlschans;  von 
Au8i;anjn:  des  Mittclaltcrs  zum  Kudc  ties  18.  Jahrhunderts,  vod  L.  Wasser- 
niouu,  Mainz,  1879,"  contains  some  very  interesting  particulars  with  regard 
to  the  regulations  in  practice  in  the  Middle  Ages  both  as  to  General 
llygi^no  and  the  Adulteration  of  Food. 

t  Henry  II.  of  France  enacted  that  if  snfTron  was  adulterated,  the  offenders 
should  bo  punished  by  cori)oral  chastisement,  the  drugs  contiscated  and 
burnt. 

;r  Maurer,  **  Goschichte  der  Stadtverfassung  in  Deutschland."    Bd.  III., 
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kdiad  tL  Tope  T-oxind  liis  neck,  because  of  his  practices  in  the 
iMdou  of  ^wine.  Xn  1400,  two  wine-sellers  were  branded 
i  o^erwiae  ae^verely  punished,  and  about  the  same  period  a 
nil  kw  was  exiactecL  forbidding  the  sulphuring  of  casks,  tlie 
kiuiiig  of  wine,  or  t;lke  addition  of  sugar,  honey,  or  other  sweet 
onglL  In  the  year  1435,  says  the  old  chronicle,  "were  the 
inmer  Christiaii  Oorper  and  his  wife  put  on  a  cask  in  which  he 
id  io\d  false  wine,  ftnd  then  exposed  in  the  pillory.  The  punish- 
ment was  adjudged  because  they  had  roasted  pears,  and  put  them 
uto  new  sour  w^ine^  in  order  to  sweeten  the  wine.  Some  pears 
rere  hung  round  their  necks  like  unto  a  Paternoster."  It  further 
|»pears  £at  they  narrowly  escaped  being  burnt. 

In  1451,  the  city  of  Cologne  made  a  strong  representation  to 
be  govermng  body  at  Antwerp  on  the  prevalent  adulterations  of 
rine.  At  Blebrich  on  the  Rhine,  in  1482,  a  falsifier  of  wine  was 
ondemned  to  drink  six  quarts  of  his  own  wine.  He  died  from 
he  effects.*  In  the  fifteenth  century  at  XJlm,  every  tavern-keeper 
lad  to  appear  at  stated  times  before  the  sherilT  {Stadtrechnerf) 
nd  swear  that  neither  he,  his  wife,  his  children,  nor  any  one  else 
n  his  name,  had  mixed  with  the  wine,  woad  or  extract  of  woad, 
halk,  mustard  seed,  clay,  " Scharlac/ikrauty"  must  of  apples,  lead, 
aercury  or  vitriol;  no  water  might  be  added,  and  the  same  wine 
ras  to  be  retailed  as  bought.  The  Stadtrechner  had  also  to  see 
hat  no  sour,  ropy,  or  otherwise  bad  wine  was  sold.  In  the  same 
own  an  Ordormance  of  1499  decreed,  that  since  sidulteration  was 
i08t  readily  practised  by  putting  substances  into  the  cask,  no 
ftsk  was  henceforth  to  be  closed  up  save  by  the  sworn  cooper, 
rho,  on  finding  anything  amiss,  was  to  give  information;  penalty 
>r  de£Eiult,  a  guilder. 

In  the  fourteenth  century,  Nuremberg  was  a  great  centre  of 
he  wine  trade ;  consequently  in  that  city  there  were  very  many 
egulations  against  adulteration  of  wine,  but  they  were  similar  to 
hose  already  mentioned.  At  Frankfort  on  the  Maine,  on  false 
rine  being  found,  the  cask  was  placed  on  the  knacker's  cart,  and 

red  flag  displayed,  with  the  inscription  "  stummer  Wein"  that  is, 
inte  or  dumb  wine.  The  jailer  marched  before,  the  rabble  after, 
nd  when  they  came  to  the  river  they  broke  the  cask  and  tumbled 
he  stuff  into  the  stream.^     About  the  same  date,  wine  is  said  to 

•  In  some  places  in  very  early  times,  the  regular  legal  penalty  was  capital 
nnishment;  for  example,  in  1269,  the  law  of  Rii)en  punished  the  seller  of 
kke  hooey  and  wax  with  death. 

t  Perhaps  **  Stadtrechner  "  might  be  transhited  **  Mayor. " 
t  The  article  for  sale  was  sometima*  merelr  forbidden  to  be  sold  :  this  was 
•pedally  the  ea^e  with  uapottrntioDa  from  other  oountriea.    For  example,  at 
vai,^.^  i»  J4S^  eMMks  of  batter  imported  from  England,  which  wete  finu^ 

3 


18  foods:  their  goxpositioh  avj>  afaltsib.    [§  16, 17. 

have  been  sophisticalied  with  the  following  sabstanoes :  earth, 
eggs,  albumen,  argol,  mustard,  salt,  burnt  salt,  sweet  milk,  brandj, 
almond  milk,  wheat  flour,  day,  and  several  other  things. 

In  the  early  part  of  the  seventeenth  century,  a  ciroamfltanoe 
ha])pened  in  Wurtembei^,  which  led  to  some  stringent  regula- 
tions with  regard  to  metallic  contamination  of  wine.  A  number 
of  people  having  been  seized  with  colic,  paralysis,  and  other 
symptoms  of  poisoning  by  lead,  it  was  noticed  that  all  those 
attacked  drank  one  particular  species  of  wine  only;  and  on 
investigation  the  epidemic  was  discevered  to  be  due  to  the 
contamination  of  the  wine  by  the  use  of  metallic  fastenings  to 
the  casks.  The  occurrence  is  related  by  Gockelios^*  who  styles 
the  disease  "  Weinkrankheit.*' 

§  16.  Drugs, — Those  who  sold  drugs,  roots,  spiees,  and  the  like, 
were  strictly  supervised,  and  in  the  reign  of  Fi'ederick  the  Second 
of  Prussia  the  examination  of  drugs  was  made  a  special  calling, 
the  inspectors  being  appointed  by  the  king. 

In  Augsburg,  Frankfort,  and  a  few  other  places,  the  trade  in 
medicine  was  taxed.  By  virtue  of  this  tax  the  druggists  and 
doctors  enjoyed  a  monopoly,  and  nvedicines  were  forbidden  to  be 
sold  by  other  trades. 

In  the  seventeenth  centurv  there  were  committees  of  doctors, 
whose  duty  it  was  to  inspect  the  druggists^  and  from  the  com- 
mittees—as in  London,  so  on  the  Continent — originated  the 
pharmacopoeias.  Thus  P/uirmacopcna  Aiitwerpiefms,  1661  ;  P. 
Utrajectina,  1664  ;  F^  AmstdodajneJunSy  1668;  Aniidotarium  Bon- 
oniense^  1674 ;  Regia  Chemica  et  GalenicOyijfeneva,  1684,  &c.t 


IV.— HISTORY   OF    ENGLISH   LEGISLATION   IN 
REFERENCE  TO  THE  ADULTERATION  OF  FOOD. 

§  17.  The  first  General  Act  in  this  country  was  the  Act  of  1860, 
previous  to  which  date  individual  articles,  such  as  tea,  coffee, 
chicory,  beer,  and  wine,  were  legislated  for  by  special  statutes,  the 

to  contain  a  mixture  of  old  and  nc'w,  were  not  allowed  to  enter  the  market. 
In  like  manner  false  oil  was  excluded  from  the  city. 

•  **  Beschreibung  der  Weinkrankheit,"  1637. 

t  The  dukes  of  Saxony  repilated  the  trade  of  druggist  as  early  as  1607. 

J.  Guillaume  pubhshed  RegUmenU  enti-f  Un  nMecitts  et  lea  ajiothicairtjf  itour 

la  viMite  des  drogues.     Dijon,  1605.     Thomas  Bartolin  edited  the  work  of 

JU'cetti  Benana — Declaratio  fraudum  quae  aj/ud  phai-macopeos  commit' 

UMtur,    FrAUc.  J6'(>7  and  lC71,Svo. 
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object  of  which  was,  for  the  inost  part,  to  prevent  the  defrauding 
of  the  revenue  ;  the  health  of  the  purchaser,  and  the  injury  done 
to  him,  being  somewhat  less  considered,  although  not  lost  sight  of. 

§  18.  Bakers — Bread, — An  Act  in  the  reign  of  (Jeorge  IV.  was 
directed  particularly  against  the  use  of  alum.  Bakers,  either 
journeymen  or  masters,  using  alum,  and  convicted  on  their  own 
confession  or  on  the  oath  of  one  or  two  witnesses,  were  to  forfeit 
a  sum  not  exceeding  £20,  and  not  less  than  £5  ;  if  beyond  the 
environs  of  London,  a  sum  not  exceeding  XIO,  nor  less  than  £3, 
If  within  London  or  its  environs,  the  justices  were  allowed  to 
publish  the  names  of  the  offenders.  The  adulteration  of  meal  or 
flour  was  punisliable  by  a  like  penalty,  and  loaves  made  of  any 
other  grain  than  wheat  were  to  be  distinguished  by  a  large 
M.  The  possession  oo  his  premises  by  a  miller,  baker,  Sic,  of 
any  ingredient  adjudged  to  have  been  placed  there  for  the  pur- 
poses of  adulteration,  was  punishable  by  fine. 

An  Act  passed  in  1836  (6  and  7  Will  IV.,  c.  37)  relative  to 
bread,  may  be  considered  as  a  modern  development  of  the  old 
''Assize  of  Bread.*'  It  repealed  the  several  Acts  relating  to 
bread  sold  out  of  the  city  of  London  and  the  liberties  thereof, 
and  beyond  the  weekly  bills  of  mortality  and  ten  miles  from  the 
Koyal  Exchange,  and  provided  other  regulations  for  the  making 
and  sale  of  bread,  and  for  preventing  the  adulteration  of  meal, 
flour,  and  bread  beyond  the  limits  aforesaid.  This  Act  made  it 
lawful  for  the  bakers  to  make  bread  of  "  wheaten  flour,  barley, 
rye,  oats,  buckwheat,  Indian  com,  pease,  beans,  rice,  or  potatoes, 
or  any  of  them,  and  with  any  common  salt,  pure  water,  eggs, 
milk,  barm,  leaven,  potato  or  other  yeast,  and  mixed  in  such  pro- 
fiortions  as  they  think  lit,  and  with  no  other  ingredient  or  matter 
whatever."  They  were  also  permitted  to  make  the  bread  any 
weight  or  size  they  chose.  The  bread,  however  (sect.  4),  was  to 
be  sold  by  weight,  and  in  no  other  manner. 

Section  3  provided  that  no  baker  or  other  person  within  the 
limits  prescribed  .  .  .  '^  shall  use  any  mixture  or  ingredient 
whatever  in  the  making  of  such  bread  other  than,  and  except  as 
hereinbefore  mentioned,  on  any  account  or  under  any  colour  or 
pretence  whatsoever;"  penalty  not  less  than  £5  and  not  more 
than  XIO.  In  default  of  payment  the  offender  could  be  im- 
prisoned for  a  period  of  not  more  than  six  months,  with  or 
without  hard  labour,*  or  unless  the  penalty  was  sooner  i)aid, 
the  magistrates  could  also  publish  the  offenders  name,  and 
defray  the  expense  of  such  publishing  out  of  the  fines. 

*  In  the  case  of  Cohe  ».  James,  41.  L.  J.  M,  C,  19,  it  was  held  that  for  a 
coBvictioD  ander  tbiB  Mection  guiltjr  kDowledge  M'oa  oecesaary. 
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By  section  9  no  person  is  to  put  into  anj  oom,  meal,  or 
flour,  at  the  time  of  grinding,  dressing,  or  mannfiustnring  any 
ingredient  or  mixture  whatsoever,  not  being  the  real  and  gennine 
}iroduce  of  the  com  or  grain  ;  nor  is  flour  of  one  sort  or  com  to 
be  sold  as  flour  of  anotiier  sort  Penalty  not  kes  than  £5  and 
not  more  than  £20. 

Sections  11  and  12  provide  that  bread  made  partially  or 
wholly  of  pease,  beans,  or  potatoes,  or  of  any  other  sort  of  oom 
or  grain  other  than  wheat,  is  to  be  marked  with  a  large  Roman 
M,  under  a  penalty  not  exceeding  10s.  Justices  may  issue  a 
Hearch  warrant  to  enter  a  baker's  premises  at  reasonable  hours, 
and  search  for  adulterated  bread  or  substances  used  for  adul- 
teration. If  such  substances  have  been  found,  the  justices  may 
disi)OBe  of  them  as  they  think  fit.  The  penalty  for  a  first  ofi*enoe 
is  a  fine  not  exceeding  £10  and  not  less  than  £2 ;  for  the 
second  oflence  £5,  and  for  every  subsequent  ofiTenoe  £10.  In 
default  of  payment,  imprisonment  for  not  more  than  six  calendar 
months.  It  is  also  lawful  for  the  magistrates  to  publish  the 
name  of  the  offender.  The  Act  contains  various  other  provi- 
sions with  regard  to  obstructing  search,  oflences  committed  by 
A  journeyman  or  servant,  the  baking  of  bread  on  the  Lord's 
Day,  &c. 

•  §  19.  Beer  and  Porter, — An  Act,  passed  in  1816,  66  G^eo.  III., 
c.  58,  enacted  that  no  "  brewer  of,  or  dealer  in,  or  retailer  of 
beer,"  shall  receive  or  have  in  his  possession,  or  use  or  mix  with 
any  worts  or  beer  any  molasses,  honey,  liquorice,  vitriol,  quassia, 
cocculus  indiae,  grains  of  paradise,  guinea,  pepper  or  opium,  or 
any  article  or  preparation  whatever  for  or  as  a  substitute  for  malt 
or  hops.  If  any  person  contravene  this  provision,  the  officer  of  the 
excise  may  seize  the  worts  and  beer,  together  with  the  casks  con- 
taining the  same.*' — Penalty  £200.  By  the  same  Act,  druggists 
who  sold  colouring  materials  or  malt  substitutes  to  brewers,  were 
liable  to  a  penalty  of  £500.  An  Act,  7  and  8  Geo.  IV.,  c.  62,  pro- 
vided that  any  brewer,  having  in  possession  or  in  use,  substitutes 
for  malt  or  ho{)s,  or  for  darkening  the  colour  of  beer,  was  liable 
to  a  penalty  of  £200,  and  the  ingredients,  beer,  worts,  Jbc.,  might 
be  seized.  Later  on  by  the  10  and  11  Vic,  c.  6,  brewers  were 
allowed  to  make  for  their  own  use  a  colouring  matter  out  of  sugar.* 

§  20.  Wines. — An  old  statute  (61  Hen.  III.,  st.  6)  forbade  the 
use  of  unwholesome  wine  or  meat.  By  the  statute  12  Charles  1 1., 
c.  25,  any  adulteration  of  wine  was  made  punishable,  with  the 
foifeiture  of  £100  if  done  by  the  wholesale  merchant,  and  £40  if 
done  by  the  vintner  or  retail  trader.     Additional  regulations 

*  At  the  preaent  time,  it  is  not  illegal  to  mix  bitter  beer  with  whole- 
bitten  other  than  hops. 


\  21,  22.]   LKGI8LATI0K  ON  THE  ADULTERATfOK  OF  FOOD.  21 

were  made  by  L  William  and  Mary.     All  of  these  Acts,  it  is 
scarcely  necessary  to  say,  are  now  obsolete  and  repealed. 

§  21.  Tflo.— An  Act  was  passed  in  1725, 1 1  Geo.  I.,  c  30,  which 
enacted  that  ''  no  dealer  in  tea,  or  manufacturer  or  seller  there- 
of, or  pretending  to  be,  shall  counterfeit  tea,  or  adulterate  tea,  or 
CHoae  or  procure  the  same  to  be  counterfeited  or  adulterated,  or 
shall  either  fiibricate  or  manufacture  tea  with  terra  japonica,  or 
with  any  drug  or  drugs  whatsoever,  nor  shall  mix,  or  cause  or 
procure  to  be  mixed  with  tea  any  leaves  other  than  leaves  of  tea, 
or  other  ingredients  whatsoever,  on  pain  of  forfeiting  and  losing 
the  tea  so  counterfeited,  adulterated,  altered,  fabricated,  manu- 
fiustured,  or  mixed,  or  any  other  thing  or  things  whatsoever 
added  thereto,  or  mixed  or  used  therewith,  and  also  the  sum  of 
£100." 

Six  yean  afterwards,  1730-31,  a  further  Act  was  passed  [4  Geo. 
II.,  c.  141  prescribing  a  penalty  for  what  is  termed  in  the  statute 
''sophisticating  tea."  It  recites  "that  several  ill-disposed  persons 
do  frequently  dry,  £Eibricate,  or  manufacture  very  great  quantities 
of  sloe  leaves,  liquorice  leaves,  and  the  leaves  of  tea  that  have 
been  before  used,  or  the  leaves  of  other  trees,  shrubs,  or  plants  in 
imitation  of  tea,  and  do  likewise  mix,  colour,  stain,  or  dye  such 
leaves,  and  likewise  mix  tea  with  terra  japonica,  sugar,  molasses, 
clay,  logwood,  and  with  other  ingredients,  and  do  sell  and  vend 
the  same  as  true  and  real  tea,  to  the  prejudice  of  the  health  of 
His  Majesty's  subjects,  the  diminution  of  the  revenue,  and  to  the 
ruin  of  the  hit  trader.^  The  penalty  under  this  statute  was  £10 
for  every  pound  of  tea  sophisticated. 

The  next  Act  was  passed  in  1776,  17  Geo.  III.,  c.  29.  The 
preamble  asserts  that  great  quantities  of  sloe  leaves  and  the 
kaves  of  the  ash,  elder,  and  other  trees,  shrubs,  and  plants,  were 
manafiuTtared  in  imitation  of  tea,  and  were  then  sold  to  dealers 
in  tea,  who,  after  mixing  the  leaves  with  tea,  sold  it  as  true  and 
real  tea ;  but  as  the  persons  who  fabricated  or  manufactured  the 
leaves  were  not  dealers  in  tea,  they  were  not  punishable  by  the 
law  then  in  force.  The  Act,  therefore,  rendered  any  person, 
whether  a  dealer  or  not,  who  &bricated  leaves  in  imitation  of  tea, 
or  who  mixed  tea  with  other  ingredients,  or  who  sold,  exposed 
ibr  sale,  or  had  in  his  custody  fabricated  or  mixed  teas,  liable  on 
conviction  to  a  penalty  of  £5  for  each  pound  of  such  tea,  or  in 
defaolt  to  imprisonment  for  not  less  than  six  months,  nor  more 
than  twelve.  The  officers  of  the  excise  were  empowered  to  enter 
under  warrant  any  premises  by  day  or  night  and  seize  the 
kavea,  which,  on  a  fiurther  warnin^^  were  to  be  destroyed. 

§  22.  C<ffe$.—Tbe  history  of  the  regulationa  with  regard  to 
coJTee  Mnd  eh/cojyr  is  nther  curious,  inasmuch  as  coffee  appear* 
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to  have  been  adulterated  almost  ixninediately  after  its  introdu* 
tion,  and  legislative  interference  was  soon  necessary. 

The  first  Act,  5  Geo.  I.,  e.  11,  1718,  with  regard  to  coffe 
recited  that  ''Whereas  divers  evil-disposed  persons  have  at  tl 
time  of,  or  soon  after,  the  roasting  of  coffee  made  use  of  wate 
grease,  butter,  or  sudi  like  materials,  whereby  the  same  is  rendere 
unwholesome,  and  greatly  increased  in  weight  to  the  prejadice  < 
His  Majesty's  revenue,  the  health  of  his-  subjects,  ana  the  loss « 
all  honest  and  fair  dealers  in  that  commodity,"  and  went  on  1 
enact  that  "  any  person  or  persons  whatsoever,  who  shall  at  tl 
roasting  of  any  coffee,  or  before,  or  at  any  time  afterwards,  mal 
use  of  water,  grease,  butter,  or  any  other  material  whatsoeve 
wliich  shall  increase  the  weight,  or  damnify  or  prejudice  the  sai 
coffee  in  its  goodness,  he,  she,  or  they  shall  forfeit  the  sum  • 
£20  for  every  such  offence."  This  penalty  was  increased  to  £\i 
by  a  subsequent  Act  (12  Gea  I.,  c.  30)  passed  in  the  year  1724 

An  Act  passed  in  1803  (43  Geo.  III.,  c.  129),  ordered  thi 
'^  If  any  burnt,  scorched,  or  roasted  peas,  beans,  or  other  grains,  < 
vegetable  substance  or  substances  be  used,  prepared,  or  man 
factured  for  the  purpose  of  being  an  imitation  of,  or  in  any  respe 
to  resemble  coffee  or  cocoa,  or  to  serve  as  a  substitute  for  coff« 
or  cocoa,  or  alleged  or  pretended  by  the  possessor  or  vend< 
thereof  so  to  be,  shall  be  made  or  kept  for  sale,  or  shall  be  foui 
in  the  custody  or  possession  of  any  dealer  or  dealers  of  coffee  < 
cocoa ;  or  any  burnt,  scorched,  or  roasted  peas,  beans,  &c.,  n^ 
being  coffee  or  cocoa,  shall  be  called  by  its  preparer  or  man 
facturer,  possessor,  or  vendor  thereof,  by  the  name  of  a^ee,  < 
by  the  name  of  American  cocoa,  or  Euglish  or  British  coco 
or  any  other  name  of  cocoa,  the  same  respectively  shall  be  fo 
felted,  and  together  with  packages  containing  the  same,  shall  • 
may  be  seized  by  the  excise."  The  person  convicted  was  to  1 
fined  £100. 

A  subsequent  Act  (3  Gea  IV.,  c.  53)  permitted  persons,  n< 
dealers  in  coffee,  to  sell  roasted  corn,  peas,  beans,  or  parsni] 
whole,  but  not  ground,  crushed,  or  powdered. 

In  1832,  grocers  were  allowed  by  the  Excise  to  keep  chicory  < 
their  premises,  and  in  1 840  a  Treasury  minute,  dated  August 
1840,  allowed  the  sale  of  coffee  mixed  with  chicory,  a  step  whi< 
no  doubt  opened  the  way  to  wholesale  adulteration.  This 
evident  from  a  meeting  of  those  interested  in  the  coffee  trad 
held  at  the  London  Tavern,  on  the  10th  of  March,  1851,  in  whi< 
the  cliairman*  explained  that  although  more  of  what  was  call 
coffee  was  now  consumed,  yet  that  there  was  a  less  consumpti< 

♦  T.  Baring,  Esq.,  M.Y. 
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of  genuine  ooffee.  "  We  wish/'  he  oontmued,  ^  to  come  to  the 
real  question,  and  we  desire  that  it  should  be  publicly  under- 
stood that  what  is  coffee  be  sold  as  coffee,  and  that  what  is  not 
eoffee,  being  a  cheaper  article,  and,  if  you  will,  a  more  nutritious 
article,  and  as  eligible  for  consumption,  be  sold  to  the  consumer 
at  the  price  at  which  it  can  be  afforded."  A  grocer  from  Shore- 
ditch  luiYing  produced  at  the  meeting  a  compound  of  burnt  peas, 
dog-biscuit,  prepared  earth,  and  a  substance  '*  which,"  he  said, 
**  I  shall  not  describe,  because  it  is  too  horrid  to  mention,"  went 
on  to  affirm  that  several  tons  of  the  same  material  were  in 
existence,  and  that  it  was  used  as  a  substitute  for  chicory  and  for 
muff.* 

The  Laneei  also  gave  details  about  the  same  time  of  the  micro- 
scopical examination  of  thirty-four  samples  of  chicory,  nearly 
•ne-half  of  which  were  mixtures,  the  substances  found  being 
roasted  beans,  burnt  com,  and  acorns.  It  was  under  the  pro- 
tection of  this  Minute,  that  Messrs.  Duckworth  of  Liverpool  took 
oat  a  patent  for  the  compression  of  mixtures  of  chicory  and  coffee 
iato  the  shape  of  berries.  Popular  writers  have,  as  usual,  made 
the  most  of  this  patent,  and  the  story  has  been  retailed  with 
ftddkiens  from  one  book  to  another  as  a  glaring  instance  of  whole- 
ttie  frauds  but,  although  the  purity  of  the  manufacturers'  inten- 
tions may  be  open  te  doubt,  the  fact  remains  that  they  did 
nothing  against  the  existing  law.  The  patent  does  not  appear  to 
have  been  profitable,  and  but  few  of  the  ohicory  berries  were  put 
ia  drculation. 

The  subject  of  coffee-adulteration  was  not,  however,  per- 
mitted to  escape  the  attention  of  Parliament,  and  petitions 
from  planters,  growers,  and  others  interested  in  the  sale  or 
predactien  of  coffee  increased  in  number.  In  the  Commons, 
during  the  course  of  a  long  debate  (April  14, 1851),  Mr  T.  Baring 
stated  that  it  could  not  be  denied  that  there  had  been  a  diminu- 
^n  since  1847  in  the  consumption  of  coffee  to  the  extent  of  six 
million  pounds,  the  real  cause  of  which  was  the  wholesale 
admixture  of  coffee  with  chicory — this  chicory  of  home  growth. 
In  1840,  at  the  time  of  the  issuing  of  the  Treasury-minute  sus- 
pending the  law  as  regarded  that  article,  all  the  chicory  used  in 
the  country  came  from  abroad,  and  as  an  excisable  import  on 
which  duty  was  paid,  but  since  the  issue  of  the  Minute  it  had 
heisn  cultivated  Lsirgely  in  EIngland. 

Similar  statements  were  made  in  the  House  of  Lords  (July  3, 
1851),  on  the  occasion  of  Lord  Whamcliffe's  presenting  a  peti- 

*  **  Adulteration  of  Coffee.    A  verbatim  report  of  the  prdcee^ngs  at  a 
f^iiiDite^g  held  At  the  London  Tavern,"    IxfDdoUf  1851. 
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tion  to  that  House.  In  the  following  jeary  under  the  preMue 
of  popular  feeling  on  the  subject,  the  objectionable  Minute  was 
rescinded,  and  a  new  Treasuiy-minute,  dated  July  27, 1852  (whidi 
was  afterwards  embodied  in  a  subsequent  order  <^  the  Inland 
Revenue  Commissioners),  permitted  licensed  dealera  in  ooJBfee  to 
<<  keep  and  sell  chicory  and  other  vegetable  sabstanees  prepared 
to  resemble  coffee,  provided  that  thej  be  sold  unmixed  with 
coffee,  in  packages  sealed  or  otherwise  secured^  containing  respec- 
tively not  less  than  two  ounces,  and  having  pasted  thereon  a 
])rinted  label  with  the  name  of  the  seller,  the  exact  weight  and 
true  description  of  the  article  contained  therein,  and  provided 
that  no  such  article  be  kept  in  a  loose  state,  or  otherwise  than  in 
such  packages  as  aforesaid,  in  any  room  entered  for  the  storage 
or  sale  of  coffee."  This  regulation  was,  without  doubt,  irksome 
both  to  traders  and  consumers,  since  every  one  who  desired  his 
coffee  mixed  with  chicoiy  could  not  buy  the  mixture  prepared, 
but  was  obliged  to  purchase  the  coffee  and  chicory  separately,  and 
compound  it  himself.  Hence,  many  memorials  were  presented 
praying  "That  the  sale  of  a  mixture  of  coffee  and  chicory  be  not 
interfered  with,  provided  each  package  has  legibly  printed  thereon 
words  plainly  indicating  such  mixtura"  In  consequence  of  these 
representations  this  Minute  was  also  rescinded*  and  a  new  one 
prepared.  An  order  of  the  Commissioners  of  Inland  Revenue, 
dated  May  13,  1853,t  followed,  requiring  that  on  every  package 
containing  a  mixture  the  words  "  This  is  sold  as  a  mixture  of 
chicory  and  coffee,*'  bo  printed  in  capital  letters  of  Roman  char- 
acter, of  at  least  one-eighth  of  an  inch  in  height,  on  the  outside 
of  the  packages  or  canisters,  on  the  same  side  of  which  there  was 
to  be  no  other  printing  or  writing.  On  no  other  part  of  the  pack- 
age, further,  was  there  to  be  any  other  writing  save  the  name  and 
address  of  the  seller. 

It  would  be  a  great  error  to  suppose  that  these  minutes  of  the 
Treasury,  and  subsequent  orders  of  the  Revenue  Commissioners, 
had  for  theii*  leading  object  the  prevention  of  adulteration  in  ita 
reference  to  the  health  of  the  subject  It  will  at  once  be  noticed 
that  they  only  touched  on  "  excisable  articles,''  and  it  was 
entirely  a  fiscal  question.  In  a  word,  had  the  sophistication  been 
of  such  a  nature  as  to  increase  instead  of  diminish  the  revenue, 
the  Treasury  would  have  let  it  pass  without  notice. 

§  23.  The  Select  Committee  of  1855. — The  prelude  to  legislation 
on  adulteration  as  a  whole,  was  the  appointment  of  "  A  Select 
Parliamentary  Committee,"  which  entered  on  its  labours  in  1855. 

♦  Pari  Paper,  No.  165,  Vol.  xcix,,  sew,  1852-53. 
f  Pari  Paper,  No.  508,  seas,  \ft54.5o. 
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The  ear]  J  appointnient  of  this  committee  was,  without  doubt,  dne 
to  the  inJuence  of  the  late  Mr.  Waklej,  the  able  and  courageous 
editor  of  the  Lam/eti.  In  1850  Mr.  Waklej  had  establish^,  in 
conneetion  with  his  powerful  journal,  ^^Ths  Lemcet  Sanitary  Comr 
wutionj*  of  which  commission  Dr.  Hassall  was  the  leading  spirit, 
with  Dr.  Letheby  as  occasional  coadjutor  in  matters  purely  chemi- 
cal, and  (what  at  that  time  was  of  great  importance)  with  the 
asnetaaoe  of  a  consummate  artist,  who  drew  microscopical  objects 
with  the  most  remarkable  fidelity. 

The  **  Analytical  Sanitary  Commission  **  was  commenced  in  the 
irst  nnmber  of  Uie  Lan/cti  for  1851,  and  the  %co\ie  of  the  inquiry, 
as  stated  by  the  editor,  was  as  follows:  "We  propose,  for  the 
public  benefit,  to  institute  an  extensire  and  somewhat  rigorous 
series  of  investigations  into  the  present  condition  of  the  various 
aiticies  of  diet  supplied  to  the  inhabitants  of  this  great  metropolis 
iai  its  vicinity.  .  .  .  Special  features  of  the  inquiry  will  be 
that  they  are  all  based  upon  actual  inquiry  and  experiment ;  the 
■iieroeG<^pe  and  the  test  tube  will  be  our  constant  companions. ** 
Notice  was  also  given  that  at  the  expiration  of  three  months  the 
names  and  addresses  oi  the  shopkeepers  from  whom  purchases 
liad  been  made  would  be  given  ;  but  at  the  commencement  the 
street  alone  was  to  be  indicated.  The  promise  was  kept,  and 
bazardoiis  although  the  experiment  most  certainly  was,  yet  in 
April  we  find  the  names  of  large  firms  freely  published,  and,  so 
to  speak,  "  pilloned,"  for  having  sold  impure  and  false  goods. 

In  1855  Dr.  Hassall  collected  the  articles  which  had  been  pub- 
lished in  the  Lancet  into  a  volume,  entitled  "  Food  and  its  Adul- 
terations, comprising  the  reports  of  the  Analytical  Sanitary 
Commission  of  the  Lancet  for  the  years  1851-54.     London,  1855." 

In  1855  *'  The  Select  Committee  on  the  Adulteration  of  Food" 
eommenced  its  labours,  and  examined  as  far  as  possible  all  those 
vko  were  likely  to  have  any  special  knowledge  of  the  adultera- 
tions themselves,  the  methods  necessary  to  detect  them,  and  their 
effect  on  the  revenue  and  on  health.  Dr.  Hassall  stated  to  the 
eomndttee  the  results  of  his  inquiries  both  for  the  Lancet  Com- 
mission and  during  the  course  of  his  other  labours,  and  gave  in 
detail  the  frauds  practised  in  regard  to  milk,  coffee,  tea,  drugs, 
preserved  fruits,  ko. 

Dr.  Alphonse  Normandy,  who  had  also  written  a  work  on 
adulteration — the  result  of  ten  years'  investigation — said,  in 
giving  evidence  as  to  the  aluming  of  bread,  that  he  had  seen  alum 
in  bread  in  crystals  of  the  size  of  a  large  pea.  ^  In  the  bread  of 
one  baker  I  found  alum  actually  in  the  state  of  large  crystals  *,  1 
went  to  him  and  showed  him  his  bread,  and  he  said,  '  I  cannot 
hel^ifc'"   Jn  extreme  instADces  he  bad  founA  as  much  aa  feom 
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250  grains  to  twioe  that  quantity  of  alum  in  the  41b.  loa(  and  in 
1847  he  had  found  magnesia  carbonate  in  three  samples  of  bread. 
In  1847  and  1848,  years  of  great  scarcity,  he  had  diaoovered  bean 
and  pea  meal  in  flour,  but  this  he  considered  quite  exoeptionaL 
With  regard  to  beer,  he  thought  that  brewers  often  made  use  of 
cocculus  indicus;  and,  finally,  he  gave  evidenee  of  the  great  adul- 
teration of  drugs. 

Mr.  Blackwell,  of  the  firm  of  Crosse  k  Blackwell,  gave  some 
very  interesting  evidence  as  to  the  "  coppering  of  preserved  vege- 
tables ''  practised  before  the  food  articles  appeared  in  the  Lanc^ 
The  process  in  use  by  his  firm  was  to  boil  the  pickles  or  vinegar 
several  times  in  copper  boilers.  After  each  operation  they  became 
greener,  and  when  the  proper  hue  was  attained,  the  process  waa 
finished  ;  but  since  the  outcry  on  coppered  vegetables,  this  process 
had  been  abandoned. 

Another  witness,  Mr.  0.  L.  Simmonds,  the  author  of  a  work 
upon  "Commercial  Products," in  giving  evidence  on  the  adultera- 
tion of  drugs,  estimated  that  there  was  a  loss  to  the  revenue  firom 
this  cause  of  no  less  than  £3,000,000  per  annum.  As  an  instance 
of  the  manner  in  which  the  revenue  suffered,  he  cited  the  substi- 
tution of  cassia  for  cinnamon  ;  cassia  paid  Id.  per  lb.  duty, 
cinnamon  2cl.  The  dealers  sold  cassia  under  the  name  of  cinna- 
mon to  such  an  extent  as  to  affect  seriously  tlie  ciiinamoa  trade. 

§  24.  AdiUteration  Acta,  I860  and  1872. — Upon  the  report  of  the 
Select  Committee,  the  first  general  Adulteration  Act  was  drafted, 
and  became  law  in  1860.  The  first  section  enacted,  "That  every 
person  who  shall  sell  any  article  of  food  or  drink  with  which, 
to  the  knowledge  of  such  person,  any  ingredient  or  material 
injurious  to  the  health  of  persons  eating  or  drinking  such  article, 
has  been  mixed,  and  every  person  who  shall  sell  as  pure  or 
unadulterated  any  article  of  food  or  drink  which  is  adulterated 
or  not  pure,  shall  for  every  such  offence,  on  su^mmary  conviction 
of  the  same,  pay  a  penalty  not  exceeding  £5,  wdth  costs."  A 
second  offence  was.  punishable  in  addition  by  publishing  the 
offender's  name,  place  of  abode  and  offence.  The  Act  permitted, 
but  did  not  compel,  the  appointment  of  analysts.  The  bodies 
which  might  appoint  such  analysts  were  :  in  the  City  of  London, 
the  Commissioiiei's  of  Sewers ;  in  the  metropolis  generally. 
Vestries  and  District  Boards  ;  in  the  counties.  Courts  of  Quarter 
Sessions.  Section  4  provided  that  any  purchaser  of  any  article 
of  food  in  any  of  the  districts  in  which  analysts  existed,  might 
have  such  article  analysed  on  payment  of  a  sum  not  less  than 
2s.  6d.  and  not  more  than  10s.  6d. ;  the  purchaser,  on  the  com- 
pletion  of  the  analysis,  was  entitled  to  receive  a  certificate  of  the 
result  of  the  analysis. 
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These  appointments  were  at  first  confirmed  by  the  Secretary  of 
State,  but  afterwards  the  Local  Government  Act  of  1871  trans- 
ferred the  regulation  of  the  appointments  to  the  Local  Govern- 
ment Board.  The  Act  existed,  and  was  in  partial  operation,  for 
twelve  yearsy  wh^i  it  was  entirely  recast  and  interspersed  with 
various  sanitary  considerations. 

In  an  Act  passed  in  the  year  1872  (35  and  36  Yic,  c.  74),  it 
was  enacted  that  **  Every  person  who  shall  wilfully  admix,  and 
every  person  who  shall  order  any  other  person  or  persons  to 
admixy  any  ingredient  or  material  with  any  drug  to  adulterate 
the  same  for  sale,  shall  be  liable  to  a  penalty  for  the  first  ofience 
not  exceeding  £50,  with  costs."  The  second  ofi*ence  was  punish* 
able  by  a  term  of  imprisonment  not  exceeding  six  months,  with 
hard  labour.  By  the  second  section  ''Every  perscm  who  shall  sell 
any  article  of  food  or  drink,  with  which  to  the  knowledge  of  such 
person  any  ingredient  or  mateiial  injurious  to  the  health  of 
persons  eating  or  drinking  such  article  has  been  mixed,  and  every 
person  who  shall  sell  as  unadulterated  any  article  of  food  or  drink 
or  any  drug  which  is  adulterated,  shall  for  every  such  ofience,  on 
a  summary  conviction  of  the  same,  pay  a  penalty  not  exceeding 
£20,  with  the  costs  of  conviction."  By  the  third  section  "  Any 
(lerson  who  shall  sell  any  article  of  food  or  drink,  or  any  drug, 
knowing  the  same  to  have  been  mixed  with  any  other  substance, 
with  intent  to  fraudulently  increase  its  weight  or  bulk,  and  who 
shall  not  declare  such  admixture  to  any  purchaser  thereof  before 
delivering  the  same  and  no  other,  shall  be  deemed  to  have  sold 
an  adulterated  article  of  food  or  drink,  or  drug,  as  the  case  may 
be,  under  this  Act." 

The  Act,  with  doubtful  advantage,  also  extended  the  right  of 
ippointing  analysts  to  boroughs  having  separate  police  establish- 
ments. The  appointment  was  optional,  save  on  the  direction  of 
the  Local  Crovemment  Board.  The  sixth  section  provided  that 
inspectors  of  nuisances  or  other  local  officers  were  to  procure 
samples  for  analysis.  Private  purchasers .  might  have  articles 
uialysed  as  before,  the  only  difierence  being  that,  under  this  Act, 
they  were  to  hand  the  substance  not  to  the  analyst,  but  to  the 
inspector.  There  were  also  provisions  as  to  the  sealing  and 
division  of  samples.  Since  the  Act  of  1860  remained  unrepealed, 
the  two  Acts  were  both  in  force  simultaneously,  and  under  their 
joint  operation  the  following  ofienoes  were  punishable  : — * 

1.  Selling  any  article  of  food,  drink,  or  medicine,  that  contains 
any  ingredient  injurious  to  health,  and  knowing  it  to  contain 
such  ingredient. 

2.  Selling  any  adulterated  food,  drink,  or  drug. 

t  **TheLMWcf Adulteration,"  by  Sidney  WoolL     Lond.  1874. 
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3.  Wilfully  mixing  with  any  article  of  food  or  drink  anj*  in- 
gredient or  poisonous  ingredient  to  adulterate  the  same  for  sale. 

4.  Wilfully  mixing  any  ingredient  with  any  drug  to  adulterate 
the  same  for  sale. 

5.  Selling  any  article  of  food,  drink,  or  any  drug,  knowing  the 
same  to  have  been  mixed  with  other  substances  with  intent  frau- 
dulently to  increase  its  weight  or  bulk,  unless  such  admixture  be 
declared  at  the  time  of  sale. 

§  25.  The  Select  CommiUeey  1874.— These  Acts  by  no  means 
worked  well.  Many  of  the  analysts  were  inexperienced,  and  even 
those  who  had  considerable  chemical  knowledge  differed  widely 
in  the  conclusions  they  drew  from  their  analyses.  The  reason  of 
this  was  evident,  for  the  standards  had  scarcely  been  settled. 
There  was,  for  example,  no  general  agreement  as  to  the  amount 
of  '^  fat "  and  <^  total  solids"  in  milk  ;  the  question  of  whether  tea 
should  be  permitted  to  be  £Biced,  or  not,  was  then  (as,  indeed,  now) 
unsettled ;  there  was  no  method  in  use  which  distinguished  alum 
added  to  flour  and  alumina  existing  as  sand.  Analyst  contra- 
dicted analyst.  Magistrates  were  perplexed  as  to  the  meaning  of 
the  word  **  adulteration,"  and  conflicting  decisions  on  mere  legal 
technicalities  ofiered  a  still  further  obstacle  to  the  healthy  opera- 
tion of  the  Act  The  public  generally  were  dissatisfied  with  an 
Act  which  on  many  retail  dealers  inflicted  real  hardships — e.^., 
tea,  paid  for  at  the  highest  market  price,  and  imported  direct 
from  China,  would  be  examined  by  a  local  analyst,  and  pronounced 
to  be  faced  with  Prussian  blue,  gypsum,  dec;  while,  from  the 
peculiar  nature  of  the  statute,  the  seller,  however  innocent  of  the 
fraud  himself,  could  not  defend  the  charge  on  anything  like  equal 
terma  Petitions,  moderate  in  tone,  came  in  from  most  of  the 
large  towns,  and  the  Government  decided  to  appoint  another 
Select  Committee.  A  large  number  of  witnesses  :  tea  merchants, 
tea  brokers,  tea  retailers,  butter  merchants,  cocoa  and  coffee 
manufacturers,  milk  sellers,  bakers,  and  analysts,  were  examined 
by  this  new  Committee  in  1874 ;  and  on  their  evidence  a  report 
was  based,  which  stated  that  after  having  sat  fourteen  days,  and 
examined  fifty-seven  witnesses,  the  Commissioners  had  arrived  at 
the  unanimous  conclusion  that,  while  the  Act  had  done  much 
good,  it  had,  at  the  same  time,  inflicted  considerable  injury,  and 
enforced  heavy  and  undeserved  penalties  upon  some  respectable 
tradesmen.  "  This  appears  to  have  been  mainly  due  to  the  want 
of  a  clear  understanding  as  to  what  does,  and  as  to  what  does  not, 
constitute  adulteration,  and  in  some  cases  to  the  conflicting 
decbions  and  inexperience  of  the  analysts.  Your  Committee  are, 
however^  of  opinion,  that  the  Act  itself  is  defective  and  needs 
Moeadment" 
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The  report  went  on  to  say  that  the  adoption  of  the  Act  had 
heen  by  no  means  general,  and  in  many  cases  where  it  had  been 
applied,  its  operation  was  of  a  very  restricted  character;  for,  even 
with  competent  analysts,  if  inspectors  were  not  appointed  at  the 
same  time,  the  Act  remained  a  dead  letter.  All  the  London 
Testries  had  made  appointments,  but  in  only  twenty-six  out 
of  seventy-one  boroughs,  and  thirty-four  out  of  fifty-four  coun- 
ties, were  there  at  that  date  official  analysts.  The  examination 
of  tea  was  recommended  to  be  made  on  importation  by  the 
Custom&  The  Committee  did  not  consider  that  the  exact 
proportion  of  mixtures  need  be  stated  on  a  label,  and  they 
wighed  to  record  that  mixed  mustard  and  prepared  cocoa 
had  been  long  manufactured  at  Deptford  for  the  supply  of 
the  NaTy.  They  recommended  that  small  districts  should  be 
consolidated,  and  that,  as  a  rule,  the  boroughs  in  a  county  should 
be  united  with  the  county  for  the  purpose  of  appointing  one 
analyst  for  the  entire  district ;  and  they  pointed  out  that  the  only 
way  to  secure  *'  the  services  of  really  efficient  analysts  is  to  offer 
them  a  fair  remuneration,  which  can  hardly  be  done  without  the 
nnion  of  several  £x>cal  Authorities  in  one  appointment.''  The 
Committee  concluded  their  report  by  remarking  that  the  public 
WIS  **  cheated  "  rather  than  **  poisoned." 

§  26.  Sale  of  Food  and  Drugs  AcU,  1875  and  1879.— On  this 
report  was  based  the  Act  of  1875,  which   is  at  the  present 
moment,  with  its  amendment  of  1879,  the  existing  law,  and  the 
full  consideration  of  which  will  be  reserved  for  another  Section ; 
the  early  defect  in  the  Act,  however,  may  be  at  once  alluded  to, 
for  it  had  not  been  long  in  operation  before  its  action  was  almost 
entirely  stopped  by  legal  ingenuity.     The  sixth  section  provides 
that  *'  No  person  diall  sell  to  the  prejudice  of  the  purchaser  any 
vticle  of  food  or  any  drug  which  is  not  of  the  nature,  substance, 
uid  quality  of  the  article  demanded  by  such  purchaser  -"  and  in  a 
Justiciary  appeal  case  at  Edinburgh,  in  which  an  inspector  had 
purchased  cream  not  for  his  own  use  but  for  analysis,  the  Scotch 
court  discussed  the  **  prejudice  "  question — ^three  out  of  seven 
judges  adopting  the  view  that  a  purchase  made  under  these  con- 
ditions was  not  to  the  *'  prejudice  "  of  the  purchaser,  and  five  out 
of  the  seven  dismissing  the  summons  on  other  grounds.     The 
impression  produced  in  this  country,  however,  by  the  decision  of 
the  court,  was  that  the  sale,  to  be  effectual,  must  be  made  in  the 
oniinmry  way,  and  not  merely  for  the  purposes  of  analysis.     The 
nune  question  was  raised  in  quite  a  different  but  equally  ingeni- 
ous way  in  a  '*  mustard  case  "  argued  before  the  Court  of  Queen^s 
Bench.     The  purchase  in  this  case  was  hy  an  officer ;  the  defence 
beiDg  that,  as  i^  wms  well  known  that  muatard  was  mixed  NVitVv 
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flour  and  other  things,  such  k  purchue  could  not  be  to  the  pre- 
judice of  the  purchaser.  The  pmnt,  however,  was  left  nndecided ; 
the  question  again  came  before  the  Court  of  Queen's  Bench,  in 
the  case  of  Sandya  v.  Small,  and  the  "  prejudice  "  question  waa 
argued  on  both  points.  Whisky  waa  alleged  to  have  been  mixed 
with  water,  and  the  defence  set  ap — that  it  was  known  to  be  ao 
mixed,  and  therefore  not  to  the  prejudice  of  the  purchaser — was 
held  by  the  court  to  be  good,  and  the  case  having  been  decided 
upon  this  j>oiut,  the  other  was  not  proceeded  with.  Finally,  the 
question  waa  settled  by  the  case  of  Hoyle  o.  Hitchman,  Murdi 
27,  1879.  The  facts  in  this  instance  were  of  the  simplest  char- 
acter :  the  appetltint  had  purchased  milk  in  the  usual  official  wayj 
the  milk  was  found  to  be  adulterated,  and  the  defence  was  that, 
as  he  did  not  use  the  milk,  tlierefore  be  did  not  buy  the  milk  for 
his  own  use  ;  he  was  not  prejudiced.  The  magistrate  who  heard 
the  case  considered  the  defence  good,  and  dlimissed  the  summons. 
Justice  Mellor,  in  giving  judgment,  observed  that  the  "  preju- 
dice" view  of  the  Act  "would  abaoJutely  nullify  its  beneficial 
etiect.  For  if  tlie  meaning  of  the  enactment  is  thst  the  offence 
citnnot  be  complete  without  its  being  'to  the  prejudice  of  the 
purchaser,'  it  is  hai'dly  possible  that  the  ofi'euce  should  be  brought 
home  to  any  one.  And  this  observation,  in  my  view,  goes  fer  to 
show  that  this  construction  cannot  be  the  right  one.  Ho  far  as 
authority  is  concerned,  there  is  no  direct  decision  in  favour  of 
such  a  view  ;  and  indeed,  in  the  English  courts  there  is  hardly 
any  authority  ujion  the  point.  For  in  the  first  of  the  two  cases 
in  this  court  referred  to,  the  mustard  case,  my  brother  Lush 
distinctly  said  that,  in  his  view,  if  the  article  were  adulterated, 
it  must  be  presumed  that  it  was  '  to  the  prejudice  of  the  pur- 
chaser,' and  I  could  not  have  dissented  from  that  opinion  or  I 
could  not  have  concurred  in  sending  the  case  down  to  be  re-stated 
on  the  other  point.  And  as  to  the  other  case,  no  doubt  in  the 
course  of  the  argument  the  Lord  Chief-Justice  made  some  such 
i-emark,  but  not  by  way  of  a  decided  dictum,  and  rather  by  way 
of  query  or  suggestion,  aud  the  decision  went  upon  the  other 
]K>int,  so  that  there  is  no  authority  in  the  English  courts  in  favour 
of  the  view  now  presented.  It  cannot  be  said  that  the  weight  of 
judicial  authority  is  againxt,  and  I  rather  think  it  is  in  fiivour  of, 
the  view  wliicli  we  have  arrived  at  after  tlie  best  consideration 
given  to  the  question,  as  to  the  true  construction  of  the  enactment. 
It  is  quite  general  in  its  terms,  and  its  terms  are  very  large,  nor 
is  there  anything  to  limit  them, — '  if  any  one  shall  sell,  to  the 
prejudice  of  the  purchaser,  any  article  of  food  not  of  the  niiture, 
siibatance,  or  quality  of  the  article  demanded  by  the  purchaser.' 
There  is  nothing  to  limit  the  applicatton  oi  \.\vft  fcu^etmniA  (ja 
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some  of  the  Scotch  judges  seem  to  hare  supposed)  to  articles 
deleterious  in  their  nature.     And  in  several  of  the  sections  (13  to 
17)  provisions  are  made  for  purchases  by  public  officers  for  the 
purpose  of  analysis  and  prosecution,  assuming  that  if  the  article 
is  found  to  be  adulterated  the  offence  will  have  been  committed. 
It  would  be  strange  indeed  if  all  these  provisions  were  to  be  made 
nugatory  by  a  construction  which  would,  in  effect,  come  to  this — 
that  proceedings  could  cmly  be  taken  by  private  individuals. 
Here  the  purchase  was  made  by  the  inspector  under  those  sec- 
tions ;  but  surely  the  case  must  be  treated  as  though  the  purchase 
liad  been  by  a  private  individual.     Now,  in  the  case  of  a  private 
individual  no  one  could  dispute  that  in  such  a  case  as  this  the 
offence  would  have  been  completed,  and  the  magistrate  has  so 
ibnnd,  in  fact.     That  being  so,  what  difference  can  it  make  as  to 
the  nature  of  the  offence,  that  the  purchase  was  by  an  officer  on 
behalf  of  the  public,  and  furnished  with  public  money  for  the  pur- 
pose %    If  the  purchaser  asks  for  a  certain  article,  and  gets  an 
article  which  by  reason  of  some  admixture  of  a  foreign  article  is 
not  of  the  nature  or  quality  of  the  article  he  asks  for,  he  is  neces- 
ttnly  '  prejudiced ;'  and  how  can  the  fact  that  the  purchase  is 
not  with  his  own  money  at  all  affect  the  question  of  the  commis- 
«on  of  the  offence  ?    The  offence  intended  to  be  prevented  by  the 
Act  was  the  fraudulent  sale  of  articles  adulterated  by  the  admix- 
ture of  foreign  substances,  which  would  necessarily  be  '  to  the 
prejudice  of  the  purchaser  ,  and  those  words  were  inserted  only 
to  require  that  such  an  adulteration  should  be  shown  to  have  been 
made.     Taking  all  these  matters  into  consideration,  I  cannot 
bring  my  mind  to  the  conclusion  that  in  such  a  case  as  this  the 
offence  is  less  complete,  merely  because  the  money  with  which  the 
puchase  was  made  was  not  the  money  of  the  purchaser,  which 
must  be  wholly  immaterial  to  the  seller,  and  cannot  affect  the 
offence  he  has  committed.     I  come,  therefore,  to  the  conclusion 
tbat  the  magistrate  was  wrong  in  dismissing  the  case  on  that 
ground,  and,  therefore,  that  the  case  must  be  remitted  to  him  to 
be  determined  on  the  evidence  as  to  the  offence  alleged  to  have 
been  committed.'' 

Mr.  Justice  Lush,  in  expressing  his  entire  concurrence,  said 
tliat  the  differences  of  opinion  which  unfortunately  prevailed  as  to 
.|  the  true  construction  of  the  sixth  section  of  the  Act  had  crippled 
I  the  operation  of  a  most  beneficial  Act. — Judgment  for  the  appel- 
/      Itnt 

Finally,  the  Act  of  1875  was  amended  by  the  "  Sale  of  Food 
and  Drugs  Act,  1879,"  which  became  law  on  July  2l8t  in  that 
year.    This  Act  setHed  the  '^prejudice*'  queation,  authorised  the 
obtainiir^  of  Bamplee  of  milk  for  the  purpoaea  of  analysiB,  wi^' 
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established  standards  for  spirits.    (See  sections  on  the  ''Ebusting 
Law  relative  to  Adnlteration.") 


v.— THE  HISTORY  OF  THE  PRESENT  SCIENTIFIC 

PROCESSES  FOR  THE  DETECTION  OF 

ADULTERATION. 

§  27.  If  an  attempt  were  made  to  write  the  full  histozy  of  tiie 
modem  system  of  the  practical  assaying  of  foods,  beyerages,  and 
drugs,  the  result  would  be  neither  more  nor  less  than  a  history 
of  th^  development  of  the  chemical,  physical,  botanical,  and  medi- 
cal sciences  ;  for  there  has  scarcely  been  a  single  advance  in  any 
one  of  those  sciences  which  has  not  some  bearing,  immediate  or 
remote,  on  our  subject.  Hence,  the  more  useful  and  less  am- 
bitious method  to  pursue  will  be  merely  to  notice  the  chief  writ- 
ings and  the  more  noteworthy  discoveries  of  those  who  have 
explored  this  special  field  of  investigation. 

The  very  early  and  brief  notices  in  the  old  writers  have  been 
already  mentioned.  The  first  general  works  on  adulteration  were 
devoted  to  drugs  rather  than  to  foods,  and  the  herbals  and  the 
older  works  contain  here  and  there,  scattered  through  their  prolix 
])ages,  casual  mention  of  substitutions  or  &lsification8.  For 
example,  Saladin  of  Ascala,  a  physician  to  the  Grand  Constable 
of  Na])les,  who  wrote  iu  the  fifteenth  century  a  work  on  the 
aromatic  principles  of  drugs,  describes  methods  of  preserving  food, 
and  in  speaking  of  the  adulteration  of  manna  with  sugar  and 
starch,  cites  the  case  of  an  apothecary  who  was  fined  heavily  and 
deprived  of  his  civil  rights.* 

§  28.  In  the  early  part  of  the  seventeenth  century  Bartoletus 
discovered  by  analysis  milk-sugar  (see  chapter  on  ^'Milk'*),  and  to 
this  epoch  belong  also  some  observations  and  experiments  of 
another  Italian,  San  Francesco  Redit  of  Florence,  published  in 
1 660,  on  the  amount  of  mineral  substances  in  pepper,  ginger,  and 

*  This  work,  ^*  Compendium  AromcUarium,^*  was  published  in  Augsburg, 
1481.  There  is  no  separate  copy  in  the  British  Museum,  bat  it  will  be  found 
as  the  **  Liber  Salaaini "  in  the  beautiful  folio  edition  of  the  Arabic  phy- 
sician (Yumann&  ibn  Massaw&ih),  Joannin  mesuae  damcuceni  medico  ciariii' 
Mimi  opera^  itc,  de  medicamentorum  delectu^  custigatUme  et  ti9U,  drc,  dic^ 
/oliOt  Venice,  1623.  The  work  is  in  the  old  dialogue  style,  consisting  for 
the  most  part  of  question  and  answer.  The  books  preceding  the  *'  liiber 
SaUidmi "  also  contain  some  observations  on  adulteration. 

t  Franceioo  Eedi,  1626-1697 ;  he  was  at  once  a  poet,  a  chemist,  and  a 
Ikhyaidan. 
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black  beUebore.  He  bamt  lOOlbs.  of  each  and  weighed  the  ash : 
black  pepper  3rielded  51b8.  2oz.  4drs.  of  ash,  ginger  51b8.  3o2.  2drs.9 
while  black  hellebore  burnt  in  the  same  quantity  gave  41bs.  of  ash. 
These  ash  percentages,  as  we  know,  are  accurate.  He  treated 
the  ash  with  water,  and  noticed  that  all  the  salts  lixiviated,  and 
had  a  peculiar  and  definite  figure,  which  they  kept  although  they 
were  often  resolved  and  afterwards  congealed.  **  If  in  one  liquid 
you  dissolve  together  two  or  three  sorts  of  salts  of  different  figure, 
when  they  congeal  they  all  resume  their  ancient  and  proper  figure." 
He  gives  examples  of  this  among  mineral  salts,  and  further  states 
that  if  vitriol  of  Cyprus,  rock  alum,  and  nitre,  be  dissolved,  on 
evaporation  and  crystallisation  the  different  salts  can  be  readily 
detected.* 

{  29.  The  Honourable  Robert  Boyle,  whose  numerous  writings 
and  discoveries  are  well  known  to  all  scientific  men,  may  be  said 
in  a  way  to  have  written  the  first  treatise,  the  sole  object  of  which 
was  to  make  known  a  method  of  detecting  adulterations.    The  title 
of  his  work  is  *'  Medicina  Hydrostatica  ;  or  Hydrostatics  applied 
to  Afateria  Medica,  shewing  how  by  the  weight  that  divers  bodies 
used  in  pbysic  have  in  water,  one  may  discover  whether  they  be 
genuine  or  adulterated,"  8vo.,  Lend.  1 690.     His  method  of  deter- 
mining  specific  gravity  was  similar  to  that  now    used.     He 
determined  the  specific  gravity f  of  pure  rock  crystal,  which  he 
took  as  a  standard,  comparing  the  specific  weight  of  various 
minerals  with  it.     He  showed  that  impure  mercury  sublimate, 
weighed  in  this  manner,  would  be  deficient,  and  that  Roman 
vitriol  mixed  with  alum  might  also  be  similarly  detected.     He 
observed  that  there  were  several  forms  of  soluble  salts  in  plants, 
but  always  some  that  were  cubical.    Boyle  also  determined  the  per- 
centage of  ash  in  about  forty  different  vegetables,  and  the  amount 
of  soluble  ash.     Boyle's  was  not  a  work  of  general  scope,  for  the 
most  part  confining  itself  to  the  recommendation  of  a  particular 
although  widely  applicable  method. 

An  early  genend  work  on  the  adulteration  of  drugs  was  that 
of  J.   B.   Yanden  Sande,j:  who  may  be  called  the  pioneer  of 

•  PkO.  Tram.,  1693,  p.  281. 

-f  I  believe  that  the  oldest  tables  of  specific  gravity  extant  are  those  in 
Lord  Fnmcis  Bacon's  "  Historia  Densis  et  Rari,"  fol.,  Lond.,  1741.    A  cube 


of  gdd  was  taken  as  a  standard,  and  cubes  of  other  substances,  of  a  size 
as  exactly  similar  as  {XMsible,  were  made.  He  was  conscious,  however,  of 
the  want  of  complete  accuracy. 

t  •*  Lea  /alM/eation$  dea  medicaments  d^voiUes,  ouvrage  dana  leqtul  on 
mmgme  U»  moyena  de  d^couvrir  les  tromperies  mises  en  uwiqe  pour  faUifier  Us 
midieameiUs  tani  simples  que  compos^eSy  tt  oil  on  itablU  des  rigles  pour 
^assurer  de  lewr  honti,  cuvrage  non  seulement  utUe  aux  medeeinsy  chirurgiens, 
apoikioamtt,  et  drogtusUs,  mcUs  aussi  aux  malades.  '*    Par.  J.  B.  Vanden  Sande, 
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applied  quantitative  chemistryy  for  he  not  only  deecribed  the 
mere  external  characteriBtics  of  yarions  artudea  of  tiie  materia 
medica,  but  also  made  alcoholic  and  ethereal  extraetSy  and  deter- 
mined the  weight  of  the  extracts  thus  obtained  He  also,  after 
the  manner  of  his  time,  distilled  the  subetancea  and  obtained 
various  products. 

S  30.  The  invention  of  the  microscope,  revealing  the  most  inti- 
mate structure  of  animal  and  v^^table  tissues,  and  the  r^;ak(r 
and  mathematical  forms  of  salts  and  minerals,  gave  a  great  impetus 
to  all  the  sciences.  Antony  Van  Leeuwenhoek  (b.  1632,  d.  1723) 
was  the  first  who  in  any  philosophic  manner  occupied  himself 
with  this  instrument.  Gifted  with  rare  powers  of  observation 
and  manipulative  dexterity,  he  made  his  own  microscopes,  and 
prepared  all  objects  with  his  own  hands.  EUs  mieroeoopes 
were  what  we  should  now  call  lenses.  Each  object^  permanently 
mounted,  had  a  separate  microscope,  which  merely  consisted  of  a 
small  double  convex  lens  let  into  a  socket  between  two  plates 
riveted  together,  and  pierced  with  a  small  hole.  The  object  was 
placed,  if  liquid,  on  a  fine  little  plate  of  talc,  which  was  then  glued 
to  a  needle,  or,  if  solid,  was  attached  to  the  needle  itself  There 
was  a  mechanical  arrangement  by  which  the  needle  could  be 
depressed  or  raised,  or  placed  in  any  position  desired.  None  of 
his  lenses  were  very  powerful — he  rather  preferred  clear  defini- 
tion ;  nor  were  they  all  of  the  same  magnifying  power,  but  varied 
acoording  to  the  nature  of  the  object.  He  possessed  an  incredible 
number  of  these  instruments,  and  at  his  death  bequeathed  many 
of  them  to  the  Royal  Society.  He  investigated  daily  during  his 
long  life  all  kinds  of  objects  in  the  three  kingdoms  of  nature,  and 
made  perhaps  a  greater  number  of  discoveries  as  to  minute  struc- 
tures than  any  other  man  in  his  time ;  indeed,  there  was  scarcely 
a  competitor,  for  the  method  was  peculiarly  his  own.  These  dis- 
coveries did  not  attract  so  much  attention  in  his  day  as  they 
deserved,  the  reason  probably  being  that  scarcely  any  one 
possessed  the  suitable  means  of  corroborating  his  researches. 
Leeuwenhoek  seems  to  have  been  the  first  to  discover  the  active 
principle  of  tea  and  coffee,  and  to  describe  the  structure  of  the 
coffee  berry.*  Speaking  of  coffee  beans,  he  says:  "I  placed  some 
of  the  beans  in  a  proper  chemical  vessel  over  the  fire,  and 
observed  that,  in  the  roasting  or  burning  them,  a  great  quantity 
of  oily  substance  and  also  of  watery  moisture  was  expelled.     The 

Mattre  Apotbicaire  dc  Bnixclles,  k  la  Haye,  1784.  A  well  printed  8vo.  of 
430  pages.  The  same  aathor  wrote  a  '*  LtUre  aur  la  sopIuHication  des  vitu,  '* 
Amsterdam,  and  one  or  two  other  works. 

*  The  author  believes  that  this  is  the  first  notice  of  the  separation  of 
oaffeiiie  by  Leeuwenhoek. 
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•Bted  bean  I  broke  into  small  pieces,  and  after  infusing  these  in 

ear  rain  water,  I  suffered  the  water  to  evaporate  after  pouring 

from  ^e  grosser  parts  of  the  coffee,  and  then  I  discovered  a 

^eat  number  of  oblong  saline  particles  of  different  sizes,  but  most 

'  them  exceedingly  minute ;  all  of  them  with  sharp  points  at 

le  ends  and  dark  in  the  middle."*    He  figures  these  "  saline 

irticles,''  and  from  the  description  and  the  figure  they  can  be 

iroely  other  than  crystals  of  "  caffeine  "  or  *'  theine."    He  also 

it  thin  slices  of  the  berry,  and  one  of  his  plates  is  a  very  good 

lustration  of  the  cellular  structure  of  coffee.     He  noted  that  ''it 

IS  of  an  open  and  spongy  texture    ,    «    •    and  some  of  the 

irte  which  in  the  figure  appear  closed  up,  consisted  of  globules, 

id  were  filled  with  oil."    Still  more  decisive  are  his  observa- 

DOS  on  tea,  in  which  it  is  absolutely  certain  that  he  obtained 

caffeine  "  or  "  theine  "  by  sublimation,  for  he  distilled  it  and 

Uected  the  "  volatile  salt"     "  All  these  saline  particles  were  of 

le  aame  shape,  that  is,  very  long  and  pointed  at  both  ends. 

•     •     I  afterwards  endeavoured,  for  my  further  satisfaction, 

discover,   if  possible,  how  many  saline  particles  could  be 

)dnced  from  a  single  leaf  of  tea ;  but  having  reckoned  up  only 

art  of  the  volatile  salts  contained  in  one  leaf,  I  forbore  any 

ther  observations,  because  the  number  I  had  already  reckoned 

was  so  great  that  I  dared  not  publish  it,  as  I  had  proposed  to 

and  indeed  many  persons  could  not  believe  that  the  leaf  itself 

d  be  divided  into  so  many  parts  visible  by  the  microscope, 

saw  volatile  saline  particles  produced  from  one  single  leaf." 

ilso  examined  the  ash  of  tea,  and  noticed  its  deliquescent 

icier.     He  separated  several  distinct  salts,  of  which  one  kind 

mall  cubical  crystals,  and  was  probably  common  salt     He 

umed  his  attention  to  pepper,  and  extracted  from  it  a  crystal- 

rinciple,  probably  "  piperine."     He  powdered  long  pepper, 

^aced  it  in  a  glass  vessel,  covering  it  with  rain  water  to  about 

ird  of  an  inch.    ''After  the  water  had  stood  about  two  hours, 

ed  it  off,  but  it  being  evening  I  let  the  water  stand  all  night. 

xt  morning  I  saw  in  the  place  where  it  was  most  evaporated 

-edible  number  of  saline  particles,  many  of  which  were 

twice  as  long  as  broad,  but  one  side  always  longer  than  the 

He  also  distilled  pepper,  and  extracted  from  it  an  oil. 

idered  the  difference  between  white  and  black  pepper  to 

>ne  was  decorticated,  the  other  not,  and  proved  that  he 

it  by  direct  experiment.     In  speaking  of  vinegar,  he 

hat  it  was  neutralised  by  chalk,  and  that  it  often  contains 

9ls — these  "  eels  "  he  figures  and  describes. 

Select  Works  of  Antooy  Yad  Leeuwenhoek,"  4to.    Lond.,  1798. 
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To  Leeuwenhoeky  then,  maj*  fidrly  be  aooordecl  the  credit  df 
having  made  several  unnotioed  diflcoveries  in  food-analyns. 
Contemporaneoasly  with  Leeuwenhoek,  Dr.  Hj.  Power  puUiahed 
some  microscopical  observations,  describing  the  appearances  cf 
SJEihd,  sugar,  and  salt,  the  eels  in  vinegar,  and  the  mites  in  cat- 
meal.  He  also  observed  how  easj  it  was  to  discover  the  partidea 
or  globules  of  mercury  in  compound  powders.  *'In  thcee 
chymical  preparations  of  mercury  which  they  call  'torbith 
mineral/  '  mercurum  vitae/  sublimate  precipitate,  and  mercaiy 
cosmetical,  you  may  most  plainly  and  distinctly  see  the  globular 
atoms  of  current  and  quick  mercury  .besprinkled  all  among  the 
powders,  like  so  many  little  stars  in  the  firmament.*'*  He  also 
notices  the  minute  structure  of  several  leaves,  and  may  be  con- 
sidered, together  with  Dr.  Hooke,t  as  the  English  representative 
of  microscopical  science  at  that  date. 

Microscopical  observers  rapidly  multiplied  as  the  instrument 
itself  was  perfected,  and  by  about  the  year  1825,  really  good 
instruments,  although  not  absolutely  achromatic,  could  be  pur- 
chased. In  1838,  Ehrenberg  brought  out  his  great  folio  on 
**  Infusorial  Life/'  The  beauty  of  the  illustrations  in  this  have 
never  been  surpassed,  and  amply  prove  that  very  early  in  the 
nineteenth  century,  for  those  who  could  afford  the  expense,  there 
were  instruments  of  great  power,  precision,  and  definition.  | 

In  1844,  Donn6§  published  his  beautiful  plates  containing, 
among  other  things,  some  accurate  representations  of  the  milk 

•  "  Experimental  Philosophy,  in  Three  Books,  containing  New  Ohserva- 
tion  Ex|)eriment8,  Microscopical,  Mercurial,  Magnetical."    Iiond.,  1663. 

t  Dr.  Hooke  puhUshed  his  **MicrographiaIllu8trata''  in  1656,  in  the  Philth 
sophical  Transactions,  in  which  he  made  Known  his  invention  of  glass  gloholet 
applied  to  the  microscoi)e,  by  which  an  immense  magnifying  power  was 
obtained.  He  afterwards  published  a  work  entitled — '^Micrographia;  or,Some 
Physiological  Descriptions  of  Minute  Bodies,  made  by  means  of  Magnifying 
Glasses,  with  Observations  and  Enquiries  thereupon,"  by  R.  Hooke,  F.K.8. 
London,  1765.  The  work  is  a  folio  illustrated  with  well  executed  copper- 
plates. He  describes  and  figures,  like  Leouwenhoek,  poppy  seeds,  vinegar  eels, 
&c  He  was  a  man  of  great  ingenuity  and  celebrity.  In  a  theoretical  manner 
he  anticipated  the  telephone,  for  in  the  preface  he  says :  "'Tis  not  impossible  to 
hear  a  whisper  a  furloughs  distance,  it  having  been  already  done,  and  perhaps 
the  nature  of  the  thing  would  not  make  it  more  impossible  thoueh  that 
furlong  should  be  many  times  multiplied.  .  .  I  can  assure  the  reader  that 
I  have,  by  the  help  of  a  distended  wire,  propagated  the  sound  to  a  very  con- 
siderable distance  m  an  instant,  or  with  as  seemingly  quick  a  motion  as  that 
of  light,  at  least  incomparably  swifter  than  that  which  at  the  same  time  was 
propagated  through  the  air,  and  this  not  only  in  a  straight  line,  or  direct, 
but  in  one  bended  in  many  angles. " 

X  Die  Infusionthierchen  ais  Volkommene  Organismen,  Von  D.  ChristisQ 
Gottfreid  Ehrenberg.    Leipzig,  1838. 

$  A.  Donnd;  Cours  de  Microscope, 
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eoipnsdes  (see  article  on  "  Milk  ").  Dr.  Ure,  in  an  important 
case  in  which  an  attempt  was  made  to  evade  the  duty  on  cassa,va 
starch  by  calling  it  arrowroot,  and  importing  it  as  such,  detected 
the  firand  by  the  microscopic  appearances  alone.  An  excellent 
collection  of  objects  illustrating  the  minute  anatomy  of  plants  was 
to  be  found  in  1845  in  the  Museum  of  the  College  of  Surgeons, 
the  catalogue  of  which  was  edited  in  an  illustrated  form  by 
Professor  Quekett.*  About  the  same  time,  Quekett  also  deliYere4 
several  lectures  on  histology,  in  the  course  of  which  he  pointed  out 
the  value  of  the  microscope  in  the  detection  of  fraud.t 

§  31.  In  the  latter  part  of  the  eighteenth  and  the  beginning 
of  the  nineteenth  century,  chemistry  advanced  with  rapid  strides:. 
Neumann  Caspar}  made  various  experiments  on  milk,  wine, 
batter,  tea,  coffee,  and  other  substances  ;  the  Boerhave  School  § 
analysed  milk ;  Berzelius  issued  his  chemical  papers ;  Scheele 
instituted  a  variety  of  researches,  and  thus  the  foundation  was 
being  laid  of  those  processes  which  were  improved  and  perfected 
by  the  philosophical  mind  of  Liebig,  and  applied  in  the  analyses 
of  various  vegetable  products  ||  by  Mulder,  many  of  whose 
methods  are  still  quoted  and  taken  to  a  certain  extent  as 
standard.  This  advance  in  chemical  science  was  naturally 
accompanied  by  more  elaborate  and  scientific  works  on  food, 
and  for  the  first  time  it  became  possible  to  study  the  subject 
in  a  philosophical  manner,  and  to  apply  a  variety  of  processes 
for  the  detection  of  fraud. 

§  32.  There  was  published,  in  1820,  a  work  on  the  adulteration 
of  food,  by  Frederick  Accum,ir  which  is  sometimes  inaccurately 
referred  to  by  writers  of  the  present  day  as  "  Death  in  the  Pot." 
Aocom,  however,  wrote  no  work  bearing  that  title,  which  be- 
longs {HToperly  to  a  little  book  by  an  anonymous  writer,  to  be 
noticed  presently.  Accum's  work,  appearing  just  at  a  time 
when  several  brewers  had  been  fined  heavily  for  having  in  their 
possession  illegal  substances,  and  being  reviewed  most  favourably 
by  the  press,  exercised  a  very  great  influence  on  the  public  mind 

*  *'  Deecripfcive  and  Illastrated  Catalogae  of  the  Hutological  Series  in  the 
llnaeiiBi  of  the  Boyal  College  of  Surgeons,*'  vol.  ii.,  1850. 

t  "  Lectures  on  Histology,  deliverod  at  the  Boyal  College  of  Surgeons, 
ISSO-L" 

t  "The  Chemical  Works  of  Neumann  Caspar,  abridged  and  methodised.** 
By  William  Lewis.     London,  1773.     Neumann  Caspar,  M.D.,  vom  Thee 


Bier  mid  Wein :  Leipsic,  1735. 

S  See  chapter  on  '*  Milk/ 

I  **  The  Chenustry  of  Animal  and  Vegetable  Physiology,  translated  from 
the  Dutch.**    By  P.  F.  H.  Fromberg  :  £dinburgh,  1845. 

Y  ^'  A  Treatiae  on  the  Adulteration  of  Food  and  Culinary  Poisons,  eichibit- 
ing  the  Fraudulent  Sophistication  of  Bread,  Beer,  Wine,  Spirituous  Liquors, 
Tea,  Coffse^  ke.^    By  Frederick  Accnm  :  London,  1820. 
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— the  more  so  as  it  was  written  with  considerable  ability  and 
knowledge  of  the  subject. 

After  giving  a  general  review  of  adulteration,  and  proving 
that  it  was  a  widespread  evil,  affecting  more  or  less  every  in- 
dustry— ^that  woollen  goods  were  adulterated  with  cotton,  aoap 
with  clay,  paper  with  plaster  of  Paris,  provisions  of  all  kinds 
with  a  number  of  worthless,  or  actually  injurious  substances, 
that  even  hardware,  such  as  cutlery  and  the  like,  did  not  escape 
— ^he  is  surprised  at  the  great  ingenuity  applied  to  such  bad  pur- 
poses. "  The  eager  and  insatiable  thirst  n>r  gain,"  he  observes, 
**  which  seems  to  be  a  leading  characteristic  of  the  times,  calls 
iuto  action  every  human  fitculty,  and  gives  an  irresistible  impolse 
to  the  power  of  invention,  and  where  lucre  becomes  the  reigning 
principle,  the  possible  sacrifice  of  a  fellow-creature's  life  is  a 
secondary  consideration."  From  generalities  Accum  then  pro- 
ceeds to  describe  more  or  less  minutely  the  fraudulent  tricks  of 
each  particular  trade  :  **  The  baker  asserts  that  he  does  not  put 
alum  in  his  bread,  but  he  is  well  aware  that  in  purchasing  a 
certain  quantity  of  flour,  he  must  take  a  sack  of  'sharp  whites,' 
a  term  given  to  flour  contaminated  with  a  quantity  of  alum,  with- 
out which  it  would  be  impossible  for  him  to  produce  light,  white, 
and  porous  bread  from  a  half  spoiled  substance."  He  also  states 
that  the  baker  used  a  powder  technically  called  "stuff,*'  consisting 
of  one  part  of  alum  in  minute  crystals  and  three  parts  of  salt 

In  speaking  of  brewing  frauds  he  supports  his  assertions  by 
reference  to  actual  convictions  taken  from  the  papers  of  the  day, 
and  he  cites  among  others  the  King  v,  Richard  Bowman, 
Times,  May  18,  1818,  in  which  the  defendant,  a  brewer  of 
Wapping,  was  convicted  of  having  a  substance  called  "multum"* 
on  his  premises,  and  fined  £200  ;  and  the  King  v.  Luke  Lyons, 
in  which  the  defendant  was  convicted  of  having  various  delete- 
rious drugs  in  his  brewery,  among  which  were  capsicum  and 
copperas,  and  fined  £420. 

From  these  and  similar  trials  and  cases,  he  gives  a  list  of  the 
adulterations  in  use  by  the  brewers,  among  which  figure 
multum  (just  mentioned),  cocculus  indicus,  sold  to  tauners  and 
dyers  under  the  name  of  **  black  extract,"  and  "  bittern,"  com- 
posed of  calcined  sulphate  of  iron,  extract  of  cocculus  indicus, 
extract  of  quassia  and  Spanish  liquorice — a  compound  not  much 
dissimilar  from  some  of  the  "  hop  substitutes  "  of  the  present 
day.  He  also  gives  a  list  of  the  publicans  convicted,  between 
1815  and  1818,  of  adulterating  beer;  these  cases  were  nineteen  in 
number ;  but  the  only  adulterations  proved  seem  to  have  been 

*  JiuUum,  a  mixture  of  extract  oi  qvxMi^  uid^i^uorice. 
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**  salt  of  steel,"  which  was  doubtless  sulphate  of  irony  common  salt, 
molasBeSy  and  the  mixing  of  table  beer  with  strong  beer.  The 
fines  ranged  from  £5  to  £400. 

In  a  notice  of  Mr  Accum's  work  in  Na  156  of  the  lAUirwry 
GwoBiU,  there  occurs  the  following  passage,  which  may  serve  as 
an  example  of  the  spirit  of  the  press: — '*  Devoted  to  disease 
bj  baker,  butcher,  grocer,  wine  merchant,  spirit  dealer,  cheese- 
monger, pastry  cook,  and  confectioner,  the  physician  is  called  to 
our  assistance.  But  here  again  the  pernicious  system  of  fraud, 
as  it  has  given  the  blow,  steps  in  to  defeat  the  remedy.  The 
onprincipled  dealer  in  drugs  and  medicines  exerts  the  most 
potent  and  diabolical  ingenuity  in  sophisticating  the  most  potent 
and  necessary  drugs — Peruvian  bark,  rhubarb,  ipecacuanha, 
BUkgnesia,  calomel,  castor  oil,  spirits  of  hartshorn,  and  almost 
every  other  medical  commodity  in  general  demand,  and  chemical 
preparation  used  in  pharmacy." 

A  few  years  after  Accum's  work  a  small  duodecimo  appeared, 
funiliarly  known  under  the  name  of  "  Death  in  the  Votf  but  the 
full  title  of  which  was — "  Deadly  Adulteration,  and  Slow  Poison- 
ing, and  Death  in  the  Pot  and  the  Bottle,  in  which  the  blood-em- 
poifloning  and  life-destroying  adulteration  of  wines,  spirits,  beer, 
bread,  flour,  tea,  sugar,  spices,  cheesemongery,  pastry,  confectionery, 
medicines,  Jrc,  are  laid  open  to  the  public,  with  tests  or  methods  for 
uoertaining  and  detecting  the  fraudulent  and  deleterious  adultera- 
tions, and  the  good  and  bad  qualities  of  those  articles,  with  an 
eepo$e  of  medical  empiricism  and  imposture,  quacks  and  quackery, 
regular  and  irregular,  legitimate  and  illegitimate,  and  the  frauds 
And  malpractices  of  pawnbrokers  and  mfidhouse  keepers.  By  an 
enemy  of  fraud  and  villany."  London.*  This  little  brochure  of 
137  pages,  written  in  a  popular  style,  and  rejoicing  in  a  startling 
title,  enjoyed  a  large  circulation,  and,  despite  its  small  intrinsic 

*  No  date,  but  probably  abont  1825.  A  small  Latin  work,  with  a  some- 
vhst  aimilar  title,  had  been  published  aboat  a  centary  previous.  Mora  in 
Oflo,  aeic  metaXUcum  eontaghim  m  ciborum^  potuum  et  medicamentorum. 
Sckulze:  1722.  This  is,  however,  of  bat  little  merit,  and  only  points  out  the 
danger  of  metallic  contamination  by  articles  cooked  or  preserved  in  copper 
Tenels.     At  the  end  is  the  following : — 

'*  Herr  Anhalt  zeiet  den  Tod  in  T5pfen 

Das  ist  erschrocklich !  doch  dabey, 
Lehrt  er  !  aus  welchen  Grand  man  schopfen. 

Soil  Gegen^ift  and  Artzeney, 
Wodurdi  er  ^Umn  giebt  deutUch  za  erkennen 

Dass  man  ihn  bald  mit  Ruhm  wird  Doctor  nennen." 

There  were  beddes  other  "Deaths;**  aa,  for  example^*' Mora  in  vUro  seu 
kUu/era  wri  adu^  datrnta  ax  sola  pusdem  (uirmgendi  virtuti  contrahtta. 
y.BiNael    J7O0,    ^/wr#«c4/ii/?c>/iFoiTi«,  and  offering  nothing  new 
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merit,  had  more  inflaenoe  on  the  popular  mind  tlian  any  mmilar 
work  that  had  ever  appeared.  As  may  be  expected  from  the 
title,  the  book  is  grossly  sensational,  and  in  speaking  of  water, 
the  author  says — "  The  filthy  and  unwholesome  water  supplied 
from  the  Thames,  of  which  the  delicate  citizens  of  Westminster 
fill  their  tanks  and  stomadis  at  the  very  spot  where  one  hundred 
thousand  cloacinae,  containing  every  species  of  filth  and  all  un- 
utterable things,  and  strongly  impreg^iated  with  gas»  the  refuse 
and  drainage  of  hospitals,  slaughter-houses,  colour,  lead,  and 
soap  works,  drug  mills,  manu&ctories,  and  dunghills,  daily  dis- 
charge their  abominable  contents,  is  so  fearful  that  we  see  there  is 
no  wisdom  in  the  well,  and  if  we  then  fly  to  wine  we  find  no  truth 
in  that  liquid.  Bread  turns  out  to  be  a  crutdi  to  help  us  onward 
to  the  grave,  instead  of  being  the  staff  of  life.  In  porter  there 
is  no  support,  in  cordials  no  consolation,  in  almost  everything 
poison,  and  in  scarcely  any  medicine  cure.**  In  another  phw» 
he  ascribes  the  sudden  deaths  of  people  in  the  streets,  d;a,  to  the 
adulteration  of  their  food.  Among  the  sophistications  of  beer 
he  enumerates,  following  Accum,  cocculus  indicus,  St.  Ignatius 
bean,  nuz  vomica,  tobacco,  and  extract  of  poppies. 

§  33.  About  nine  years  after  Accum's  book  had  been  published 
in  England,  A.  Bussy  and  A.  F.  Boutron-Charlard  published  in 
France  a  work  of  considerable  merit  on  the  adulteration  of  drugs,* 
the  arrangement  of  which  is  strictly  alphabeticaL  In  the  prefece, 
the  authors  assert  that  the  groat  development  in  the  art  of 
adulteration  had  taken  place  particularly  since  the  wars  of  the 
Hepublic  and  the  establishment  of  the  Continental  system,  and 
that  it  was  due  more  especially  to  the  action  of  the  government, 
who  encouraged  the  use  of  products  of  home  growth;  in  conse- 
quence of  which,  roots  grown  in  France  were  being  substituted 
for  those  of  foreign  origin.  Chestnut  bark,  French  rhubarb,  and 
poppy  were  proposed  to  replace  the  quinine  of  Peru,  the  rhubarb 
of  China,  and  the  opium  of  the  Levant. 

Garnier  and  Harel,  in  1844,  published  their  treatise  ;f  a  well- 
written  work,  moderate  in  tone,  and  without  exaggeration.  A 
great  number  of  the  chemical  reactions  and  tests  mentioned  by 
them  are  in  actual  use  at  the  present  time.  Two  years  later, 
J.  B.  Friedrich,  in  Germany,  published  his  observations  on  the 
same  subject.  J     The  arrangement  of  Friedrich*s  work  is  alpha- 

*  Traile  dea  moyena  de  reconnaitre  Us  falsifications  des  drogues,  simpUs  el 
composies.    Par  A.  Bossy  et  A.  F.  Bontron-Chariard.     Paris,  1829. 

f  Des  /alsiJUcUions  des  substances  cUimentaires  et  des  moyens  chitnigues  de 
Us  reconnoitre.    Par  Jules  Gamier  et  Ch.  Uarel.  Paris,  1844.     Small  8va 

t  Handbwch  der  Oesundkeitspolizei,  der  Speis^m,  Oetrdnke,  und  der  zu  ihrer 
J^freihi^  ffebraiiehUchen  Ingredienten,    Heransceeeben  von  J.  K  Friedrich. 
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betieaL  He  paid  mnch  attention  to  the  composition  of  diseased 
milk;  and  although  he  made  little,  if  any,  use  of  the  microsco}>ey 
the  chemical  detiuls  of  the  work  are  superior  to  any  that  had 
hitheiio  appeared  (see  article  on  '*  Milk  "). 

§  34.  About  the  same  time,  after  more  than  twenty  years  had 
elapsed  since  the  publication  of  any  English  work — Accum's 
being  the  last — the  subject  of  adulteration  was  revived  here  by 
John  Mitcbelly*  who  published  what  must  be  considered  a  very 
Qseful  volume,  althou^  many  of  the  tests  he  gives  would  scarcely 
lUnd  the  ordeal  of  a  court  of  justice  at  the  present  day.  He 
states,  e.^.,  that  if  an  infusion  of  tea,  treated  with  sulphate  of 
eopper,  and  heated,  throws  down  a  copious  chocolate  precipi- 
tates **  hawthorn"  is  present ;  if  the  infusion  becomes  of  a  bright 
green  colour  on  adding  caustic  soda,  sloe  leaff  is  probable;  but 
if,  on  the  addition  of  acetic  acid,  the  solution  possesses  a  very 
bright  colour,  ''its  presence  is  certain."  Mr  Mitchell's  confidence 
in  these  reactions  is  amusing ;  but,  on  the  other  hand,  the  greater 
munber  of  his  observations  are  still  valid. 

§  35.  In  1850  Chevallier  issued  his  dictionary  of  adulteration,^ 
which,  through  successive  editions,  has  from  the  time  of  its  ap- 
pesranoe  been,  par  excellence,  the  standard  French  work  on  the 
lubject.  Many  years  before  the  publication  of  his  great  work, 
bowever,  M.  Chevallier  had  practically  studied  the  question,  as 
is  proved  by  documentary  evidence,  and  by  his  numerous  repre- 
sentations to  the  government  on  the  necessity  of  amending  the 
law.  In  a  petition  presented  to  the  National  Assembly  in  1848, 
he  saysf — ''Since  1833  I  have  constantly  addressed  to  the 
Chambers  of  Deputies  petitions  on  the  same  subject,  but  these 
petitions  have  ever  been  abortive,  and  fraud  has  progressively 
augmented."  The  first  edition  of  his  dictionary,  vnritten  in  a 
dear  style,  contained  an  excellent  resume  of  what  was  already 
known  with  regard  to  falsifications,  and,  besides,  was  enriched 
with  many  new  facts— the  result  of  a  long  experience. 

In  the  same  year^  1850,  Alphonse  Noimandy,  who  published  the 

*  "TreatiBe  on  the  FalsificationB  of  Food,  with  the  Chemical  Means  em- 
ployed to  detect  them."    By  John  Mitchell,  F.C.S.     London,  1848. 

f  The  belief  in  the  adulteration  of  tea  by  the  leaves  of  the  sloe  is  almost 
eootcmponneons  with  the  introduction  of  tea  itself  into  England,  and 
there  are  nnmerons  allusions  to  the  practice  scattered  throughout  the 
Taiioaa  fhratiTe  contributions  to  literature.  However,  that  tea  has  been 
actually  acmlterated  with  sloe  leaves  rests  on  no  direct  evidence  worthy  of 


t  Dietionnaire  det  alUrationa  et  desfdUificaiions  des  substaneea  cUimenUures. 
¥9rU.A.  Chevallier.    Paris,  Ist  ed.,  1850. 

i  PeHikm  aur  les /alaificatiofu^  adressie  a  raeaembUe  no^ionaZe.     Pax  X. 
Chevallier.     IMA 
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results  of  thirteen  years'  labour  in  a  *'  Handbook  of  Commerdal 
Analysis/'  was  one  of  the  first  who  reoommended  the  use  of  the 
microscope  for  the  detection  and  discrimination  of  stardies :  **  The 
admixture  of  potato  flour  or  fecula  with  wheat  flour  may  be  Yerv 
well  detected  by  the  microscope,"  p.  210.  The  scope  of  hia  work 
embraced  not  only  the  analysis  of  food,  but  also  the  examination  of 
a  variety  of  commercial  substances,*  such  as  ores,  agricultural 
manures,  soaps,  dta  The  arrangement  is  alphabetical ;  nueooadre 
editions  have  brought  the  work  to  the  present  time* 

§  36.  A  year  after  the  appearance  of  Normandy's  En^^h 
and  Chevallier's  French  works,  appeared  the  papers  of  Dr. 
Hassall,  in  the  pages  of  the  Laneei,  as  already  mentioned.  The 
publication  of  these  papers  marked  a  new  era  in  legal  medieine 
and  the  investigation  of  foods,  and  the  technical  application  of 
the  microscope  was  fully  developed  in  the  English  use.  It  was 
not  so,  however,  among  Continental  chemists,  for  Hureaux, 
in  his  *^Hi8taire  dea  FcUsificaHons"  published  in  1855,  scarcely 
mentions  the  microscope,  although,  so  &r  as  chemical  tests 
go,  his  work  leaves  nothing  to  be  desired.  This  is  the  more 
curious,  since  the  author  was  aware  of  the  evidence  given 
before  the  Select  Committee,  as  is  obvious  firom  more  than  one 
reference. 

§  37.  In  1874  a  movement  took  place  in  England,  the  effect  of 
which  has  been  to  give  an  extraordinary  stimulus  to  analytical 
chemistry — viz.,  the  establishment  of  the  Society  of  Public 
Analysts.  The  movement  originated  with  a  few  of  the  leading 
analysts,  who,  after  one  or  two  private  meetings,  called  a  general 
gathering,  which  all  those  engaged  in  actual  practice  were  invited 
to  attend.  This  meeting  took  place  at  the  Cannon  Street  Hotel 
in  August,  1874;  and  in  a  few  months  the  society  was  fully 
organised,  and  a  definition  of  adulteration  within  certain 
*Mimits"  had  been  laid  down  as  follows  for  the  guidance  of 
members  : — 

DEFINITION  OF  AN  ADULTERATED  ARTICLE. 

An  article  shall  be  deemed  to  be  adulterated — 
A.  In  the  case  of  food  or  drink  : — 

1.  If  it  contain  any  ingredient  which  may  render  snch  article  injnriona  to 
the  health  of  a  consumer. 

2.  If  it  contain  any  substance  that  sensibly  increases  its  weight,  bulk,  or 
strength,  or  gives  it  a  fictitious  value,  unless  the  amount  of  such  sub- 
stance present  be  due  to  circumstances  necessarily  appertaining  to  its 
collection  or  manufacture,  or  be  necessary  for  its  preservation,  or  unless 
the  presence  thereof  be  acknowledged  at  the  time  of  sale. 

*  ^'A  Handbook  of  Commeroial  Analysis.''    By  A.  Normandy.    London, 

JS5a 
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3L  If  any  impottant  oonttitnent  has  been  whollv  or  in  part  abstracted  or 
omitted,  unless  acknowledgment  of  sach  abstraction  or  omission  be 
made  at  tlie  time  of  sale. 

4.  If  it  be  an  imitation  of,  or  be  sold  under  the  name  o(  another  article. 
B.  In  the  case  of  drujp : — 

1.  If  when  retailed  for  medicinal  purposes  under  a  name  recognised  in  the 
British  PharmaoopoBia,  it  be  not  equal  in  strength  and  purity  to  the 
standard  laid  down  in  that  work. 

2.  If  when  sold  under  a  name  not  recognised  in  the  British  PharmacopoBia, 
it  differ  materially  from  the  standara  laid  down  in  approved  works  on 
Materia  Medica,  or  the  professed  standard  under  whion  it  is  sold. 

LIMITS. 

The  fiiQoiwing  shall  be  deemed  limits  for  the  respective  articles  referred 
to: — 
MSi  shall  contain  not  less  than  90  per  cent.,  by  weighty  of  milk  solids 

not  £si,  and  not  less  than  2*5  per  cent,  of  butt^  fat. 
Skm  MUk  shall  contain  not  less  than  9*0  |)er  cent,  by  weight,  of  milk 

solidfl  not  fat. 
BuUer  shall  contain  not  less  than  80*0  per  cent,  of  butter  fat. 
Tm  shall  not  contain  more  than  80  per  cent,  of  mineral  matter,  calculated 

OQ  the  tea  dried  at  100*"  C,  of  which  at  least  30  per  cent,  shall  be 

soluble  in  water,  and  the  tea  <u  sold  shall  yield  at  least  30*0  per  cent,  of 


Cceoa  shall  contain  at  least  20  ner  cent,  of  cocoa-fat 

Vmeffcur  shall  contain  not  less  tnan  30  per  cent,  of  acetic  acid. 

The  *'  proceedings,"  which  appeared  first  in  the  Chemical  Newn^ 
▼ere  afterwards  published  in  the  special  organ  of  the  Society — 
the  Analyst — ^throughout  the  pages  of  which  will  be  found  details 
of  numerous  processes,  discoveries,  and  improvements  in  practical 
chemistryy  which  it  is  certain  would,  for  the  most  part,  not  have 
been  invented  or  known  had  there  been  no  such  encouraging 
organisation.  With  this  brief  account  of  the  establishment 
among  us  of  the  Society  of  Public  Analysts,  we  may  bring  our 
sketch  to  a  close. 

The  following  is  a  fairly  complete  list  of  works  discussing  the 
adulteration  of  food  as  a  whole.  A  list  of  treatises  on  single 
articles  will  be  given  in  the  bibliographies  at  the  end  of  each 
chapter. 


I  Sa— A  LIST  OP  GENERAL  TREATISES  ON  ADULTERATION 

CHRONOLOGICALLY  ARRANGED. 

BoTUi,    RoBXRT.— "Medicina  Hydrostatica ;   or  Hydrostatics  applied  to 

Materia  Medica.  **    London,  8vo,  1690. 
Sastdx,  J.  Vakdek. — "Les  falsifications  des  medicaments  d^voil^es."    La 

Haye,  1784. 
FkTBMf  A.  P. — "  De  la  sophistication  des  substances  medicamenteuses  et 

dca  moymm  de  la  reconnattre.''    Paris,  1811^  in  8vo. 
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Elbitxr,  Fr. — "  Die  Fnxifl  der  NahmngnniHel,  Chuwnkiiri  Ankitang  nr 

UnterrachuDg  ▼on  Nfthnmnmittelii  o.  V< 
£  hygieniBcheii  Zweek."    Leipcio,  188(1 

PEBIODICALS. 


Zeitachrift  fUr  Untenaebiiiig  yon  Lebensmittelii,  fte.,  Kiohitrtii 
Zeitschrift  gesea  Verf&liohnng  dor  Lebemmittel,  iMfrng, 
AnalyH,  L^don. 


VI.— THE  PRESENT  LA.W  IN  ENGLAND  BELATIYE 

TO  ADULTERATION  OF  FOOD. 

Ths  Sale  of  Food  and  Drugs  Act,  38  Aim  89  Via,  a  63, 1878;  avd 
Sale  of  Food  and  Dbuos  Act  AmNDioNT,  1879,  42  and  43  Ynx,  c.  SO. 

§  39.  The  preamble  of  the  "  Sale  of  Food  and  Drags  Act" 
repeals  the  Acts  in  force  relating  to  the  adulteration  of  food. 

Section  2  defines  the  term  food  to  include  every  article  used 
for  food  or  drink  by  man,  and  the  term  '  drug'  to  include  every 
medicine  for  external  or  internal  use.* 

r  *  The  Prize  Essay  of  Mr.  Wigner,  "  On  a  Law  to  prevent  Adulteration  in 
America,"  contaiDs  the  following  definitive  clauses,  which  are  a  decided  im- 
provement on  the  English  Act,  and  have  been  in  great  part  adopted  in  the 
American  Act  :^ 

A. — In  the  Case  of  Drugs. 

A  drug  shall  be  held  to  be  adulterated, 

1.  If  when  sold  under  or  by  a  name  recognised  in  the  United  States  Phar- 
macopoeia, it  differs  from  the  standard  in  strength,  quahty,  or  parity  laid 
down  therein. 

2.  If  when  sold  under  or  by  a  name  not  recognised  in  the  United  States 
Pharmacoixeia,  but  which  is  found  in  some  other  PharmacopcRia  or  other 
standard  work  on  materia  medica,  it  differs  materially  from  the  standard  of 
strength,  quality,  or  purity  laid  down  in  such  work. 

3.  If  its  strength  or  purity  fall  below  the  professed  standard  under  which 
it  is  sold. 

B.— In  the  Case  of  Food  or  Drink. 

The  article  shall  be  held  to  be  adulterated, 

1.  If  any  substance,  or  any  substances,  has  or  have  been  mixed  with  it, 
so  as  to  reduce  or  lower,  or  injuriously  affect  its  quality,  strength,  purity,  or 
true  value. 

2.  If  any  inferior  or  cheaper  substance,  or  substances  have  been  substi- 
tuted wholly  or  in  part  for  the  article. 

3.  If  any  valuable  constituent  of  the  article  has  been  wholly  or  in  part 
abstracted. 

4.  If  it  he  an  imitation  of,  or  be  sold  under  the  name  of  another  article. 
S,  If  it  C(uuut9  wholly  or  in  part  of  a  d^aeaa^)  ox  d»Qom\K)ecd,  or  putrid, 
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Section  3.  No  person  shall  mix,  colour,  stain,  or  powder,  or 

order  or  permit  any  other  person  to  mix,  colour,  stain,  or  powder, 

any  article  of  food,  with  any  ingredient  or  material  so  as  to 

render  the  article  injurious  to  health,  with  intent  that  the  same 

may  be  sold  in  that  state ;  and  no  person  shall  sell  any  such 

article  so  mixed,  coloured,  stained,  or  powdered,  under  a  penalty 

in  each  case  not  exceeding  fifty  pounds  for  the  first  offence  : 

£?ery  offence  after  a  conviction  for  the  first  offence  shall  be  a 

nuademeanour,  for  which  the  person,  on  conviction,  shall  be 

imprisoned  for  a  period  not  exceeding  six  months  with  hard 

l&bonr. 

Section  4  is  very  similar  to  this,  and  relates  to  drugs :  *'  No 
person  shall,  except  for  the  purpose  of  compounding  as  herein- 
tfier  described,  mix,  colour,  stain,  or  powder,  <&c.,  <&c.,  any  drug 
with  any  ingredient  or  material  so  as  to  affect  injuriously  the 
quality  or  potency  of  such  drug,  with  intent  that  the  same  may 
be  aold  in  that  state,  and  no  person  shall  sell  any  such  drug  so 
mixed,  coloured,  stained,  or  powdered,  under  the  same  penalty 
in  each  case  respectively  as  in  the  preceding  section,  for  a  first 
tnd  subsequent  offence.'' 

The  sections  above  quoted,  formidable  as  they  appear,  possess 
in  reality  no  deterrent  powers,  but  are  perfectly  harmless, 
nnoe  no  prosecution  is  likely  to  succeed  under  these  sec- 
tions, save  when  supported  by  very  exceptional  circumstances  ; 
for  the  next  section  expressly  provides  that  no  conviction 
is  to  take  place  if  the  person  accused  "  did  not  know  of  the  article 
of  food  or  drug  sold  by  him  being  so  mixed,  coloured,  stained,  or 
powdered,"  and  were  able  to  show  that  he  ''  could  not  with 
reasonable  diligence  have  obtained  that  knowledge.*' 

§  40.  The  real  working  sections  of  the  Act  are  the  following : — 

Section  6.  No  person  shall  sell,  to  t/ie  prejudice  of  the  purdiaserf 
anj  article  of  food  or  any  drug  which  is  not  of  the  nature, 
substance,  and  quality  of  the  article  demanded  by  such  purchaser, 
under  a  penalty  not  exceeding  twenty  pounds,  provided  that  an 
offence  snail  not  be  deemed  to  be  committed  under  this  section 
in  the  following  cases,  that  is  to  say  : — 

1.  Where  any  matter  or  any  ingredient,  not  injurious  to 
health,  has  been  added  to  the  food  or  drug,  because  the  same  is 

or  rotten  animal  or  vegetable  substance,  whether  manufactured  or  not ;  or 
io  the  case  of  milk,  if  it  ia  the  produce  of  a  diseased  animal. 

6.  If  it  be  coloured,  or  coated,  or  polished,  or  powdered,  whereby  damage 
if  cnneealed,  or  it  is  made  to  appear  better  than  it  really  is,  or  of  greater 
valoe. 

7.  If  it  oantain  any  added  pojsoDoua  ingredient,  or  any  ingredient  wYncVx 
^    nOi  Mrttcle  Jn/aiiouM  to  the  health  of  the  person  consuiningii. 
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required  for  the  prodaotion  or  prepanktion  thereof  ai  an  article 
of  commerce,  in  a  state  fit  for  carriage  or  eoniwimptioiit  and  not 
fraudulently  to  ipcreaae  the  balk,  weighty  or  meaaore  of  the  food 
of  drug,  or  conceal  the  quality  thereof : 

2.  Where  the  drug  is  a  proprietary  medicine,  or  is  the  subject 
of  a  patent  in  force,  and  is  supplied  in  the  state  required  by  the 
specification  of  the  patent : 

3.  Where  the  food  or  drug  is  compounded  as  in  this  Act 
mentioned  : 

4.  Where  the  food  or  drug  is  unavoidably  mixed  with  some 
extraneous  matter  in  the  process  of  collection  or  preparation. 

In  the  amended  Act,  the  second  section,  41  and  42  Via,  o.  SO, 
states  that  in  any  prosecution  under  the  provisions  of  the  prinoi* 
pal  Act  for  selling  to  the  prejudice  of  the  purohaser  any  artide  of 
food  or  any  drug,  which  is  not  of  the  nature,  ko.^  it  shall  be  no 
defence  to  any  such  prosecution  to  allege  that  the  purohaser, 
having  bought  only  for  analysis,  was  not  prejudiced  by  such  sale. 
Neither  shall  it  be  a  good  defence  to  prove  that  the  article  in 
question,  though  defective  in  nature  or  substance  or  quality,  was 
not  defective  in  all  three  respects. 

The  sixth  section  of  the  amended  Act  is  to  be  read  with  the 
sixth  section  of  the  principal  Act,  for  it  states  that  "  In  deter- 
mining whether  an  offence  has  been  committed  under  section  six 
of  the  said  Act,  by  selling  to  the  prejudice  of  the  purchaser 
spirits  not  adulterated  otherwise  than  by  the  admixture  of  water, 
it  shall  be  a  good  defence  to  prove  that  such  admixture  has  not 
reduced  the  spirit  more  than  twenty-five  degrees  under  proof  for 
brandy,  whisky,  or  rum,  or  thirty-five  degrees  under  proof  for 
gin." 

Section  7  of  the  principal  Act  enacts  that  "No  person  shall 
sell  any  compound  article  of  food  or  compounded  drug,  which  is 
not  composed  of  ingredients  in  accordance  with  the  demand  of 
the  purchaser ;  penalty  not  exceeding  £20." 

Section  8  provided  "  That  no  person  shall  be  guilty  of  any 
such  offence  as  aforesaid  in  respect  of  the  sale  of  an  article  of  food 
or  a  drug  mixed  with  any  matter  or  ingredient  not  injurious  to 
health,  and  not  intended  fi*audulently  to  increase  its  bulk,  weight, 
or  measure,  or  conceal  its  inferior  quality,  if  at  tlie  time  of 
delivering  such  article  or  drug  he  shall  supply  to  the  person 
receiving  the  same  a  notice  by  a  label  distinctly  and  legibly 
written  or  printed  on  or  with  the  article  or  drug,  to  the  effect 
that  the  same  is  mixed." 

Section  9  enacts  "  That  no  person  shall,  with  the  intent  that 

the  same  may  be  sold  in  its  altered  state  without  notice,  abstract 

^"vm  mn  Article  of  food  any  part  oi  it  so  aaVA«S[<ect  injuriously  its 
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quality,  subBtanoe,  or  nature,  and  no  person  shall  sell  any  article 
to  altered  without  making  disclosure  of  the  alteration,  under  a 
penalty  in  each  case  not  exceeding  £20." 

§  41.  One  of  the  chief  loopholes  which  offenders  against  the 
Act  have  diligently  availed  themselves  of  is  the  label  section. 
Section  8.     A  label  will  often  have  a  description  of  the  article  in 
lirge  letters,  such  as  COCOA,  COFFEE,  <fea,  and  then  in 
miserably  small  type  a  statement  that  the  article  is  mixed.     In 
the  case  of  Liddiurd  v.  Beece,  a  grocer  had  sold  half  a  pound  of  a 
mixture  of  coffee  and  chicory  to  an  inspector ;  the  mixture  was 
contained  in  a  canister,  and  was  duly  weighed,  and  the  full  price 
of  coffee  was  paid  for  it.     After  the  sale  had  been  completed,  the 
porehaser  informed  the  appellant  that  he  intended  to  have  the 
tttide  analysed.     Thereupon,  while  the  packet  was  still  on  the 
eoanter,  the  appellant  called  the  purchaser's  attention  to  the  label, 
OD  which  the  purchaser  noticed  for  the  first  time  the  words 
This  is  sold  as  a  mixture  of  chicory  and  coffee,"  printed  in 
distinct  and  legible  characters.    The  label  was  affixed  in  a  con- 
ipicnous  position  on  the  outside  of  the  packet.     The  purchaser 
then  said  that  he  had  asked  for  ''coffee," and  not  for  "chicory  and 
coffee."     The  mixture  was  found  by  the  analyst  to  consist  of  60 
parts  coffee  and  40  parts  chicory.     On  the  hearing  of  the  case 
befiore  the  magistrates,  they  convicted  the  vendor  on  the  follow- 
ing grounds  : — '*  The  fact  that  the  purchaser  asked  for  coffee  and 
was  supplied  with  an  article  consisting  of  only  60  per  cent, 
coffee  and  40  per  cent,  chicory,  without  having  his  attention 
called  to  the  label ;  and  without,  in  fact,  seeing  it  until  the 
purchase  was  completed,  and  also  the  fact  that  the  price  he  paid 
for  the  said  article  was  a  usual  and  fair  price  for  pure  coffee,  and 
much  more  than  would  have  been  given  for  coffee  mixed  with 
ddoory  to  the  above  extent    •     .     .     and  that,  therefore,  the 
^pellant  was  not  protected  by  the  said  eighth  section." 

On  appeal  the  case  was  decided  in  the  Court  of  Queen's  Bench, 
November  29,  1879,  before  Justices  Lush  and  Manisty,  who 
quite  agreed  with  the  magistrates  on  their  finding,  and  the  con- 
liction  was  affirmed.* 

*  Thii  eiM  probably  overthrows  the  caae  reported  in  the  Timei,  June  8, 
l8f79L  Gibeon  v.  Leaper,  a  proeecntion  undertaken  under  the  old  Act,  36  and 
Vie.,  c  74,  aectiona  2  and  3.    On  conviction  the  vendor  appealed.    The 

'  o  sold  a  packet  of  *  *  Epps*  a  Cocoa ' '  with- 


that  of  a  Spalding  grocer,  who 
oat  making  any  verbal  statement  of  its  contents.  The  packet  was  labelled 
vith  the  words  **  prepared  cocoa— for  ineredients,  see  the  other  side,'*  and  on 
the  other  aide  was  a  notification  to  the  effect  that  it  was  necessary  in  order  to 
■lake  the  oil  in  the  cocoa  soluble  and  easy  of  digestion,  to  combine  ^th  \t 
■mwioot  and  tngar.  The  court qaasbed  the  con  victioUy  holding  that  assum- 
iag  tka  cocoa  to  headuHented,  itnsdnot  been  sold  aa  unadulterated.    In  tShe 
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From  this  important  decision  it  is  eyident,  thmt  if  a  person 
asks  for  any  substance,  snch  as  coffee,  and  the  coffee  is  handed 
to  him  and  found  to  be  labelled,  such  label  containing  words 
relative  to  its  being  a  mixture,  jet  that  such  label  does  not  pro- 
tect the  vendor,  umess  he  has  previoaslj  called  the  porohaaei^a 
attention  to  it ;  in  like  manner,  any  Terbal  declaration  is  no  pro- 
tection unless  it  is  uttered  before  the  sale  is  completed.  The  sale, 
again,  is  evidently  not  completed  uutil  the  goods  are  delirered 
into  the  purchaser's  hand,  and  the  vendor  has  receired  the 
money.  Should  a  person  buy  any  substance  in  a  shop^  and  (after 
having  tendered  his  money,  and  the  same  has  been  accepted) 
proceed  to  state  that  the  article  is  required  for  analysisy  and  the 
vendor  then  attempt  to  return  the  money :  if  the  purchaser  does 
not  accept  the  money,  the  sale  is  evidently  complete.  On  the 
other  hand — an  inspector  went  into  a  druggist's  snop  and  asked 
for  quinine  wine.  The  chemist  served  iiim  with  the  wine^ 
wrapped  it  up,  and  laid  it  on  the  counter.  The  inspector  then 
produced  his  bottles,  and  declaring  the  nature  of  his  errand,  was 
about  to  divide  the  wine  into  three  parts,  when  the  druggist 
seized  the  bottle  and  refused  to  sell  the  wine,  which,  a  moment 
before,  by  his  actions  he  seemed  ready  to  do.  In  this  case,  the 
sale  was  not  complete.  But  now,  let  us  suppose  that  the 
inspector  had  been  a  little  quicker  than  the  chemist,  and  seized 
the  sample,  and,  notwithstanding  the  expressed  refusal  of  the 
druggist  to  sell,  the  inspector  had  cast  his  money  on  the  counter 
— ^Would  the  drug  have  been  sold  ?  This  question  is  somewhat 
difficult  to  answer,  but  I  think  that  it  woiUd  have  been  a  sale, 
and,  if  adiilteration  had  been  proved,  the  vendor  would  probably 
not  have  escaped  through  adopting  the  defence  that  there  had 
been  "  no  sale."* 

In  the  case  of  a  grocer  who  sold  adulterated  coffee,  the  vendor 
had  received  the  money,  and  had  laid  the  packet  and  also  the  change 

case  of  Pope  v,  Turle  (43,  Law  Journal),  May  28,  1874,  the  Juatioes  of  Bed- 
ford diBmiased  a  aummoDs  for  selling  adulterated  mustard,  and  the  purchaser 
appealed.  It  was  stated  in  the  case  that  at  the  time  the  respondent  ddivered 
the  mnstard  to  the  appellant  he  said:  '*!  do  not  sell  yon  this  as  pore 
mustard."  The  mustard  was  found  to  be  the  common  mixture  of  flour  and 
mustard.  Lord  Coleridge,  Mr  Justice  Brett,  and  Mr  Justice  Grove,  wen 
undivided  in  their  opinion  that  the  seller  was  entitled  to  their  judgment  on 
the  ground  of  his  haviuj^  declared  to  the  purchaser  that  the  mustard  was 
mixed  with  some  other  ingredient,  and  that,  even  had  he  not  done  so,  ho 
could  not  come  within  the  section  to  incur  the  penalty,  because  if  the 
admixture  was  such  as  to  make  it  an  adulterated  article,  still  he  had  not 
S(dd  it  as  an  unadulterated  article. 

*  In  ao^  case,  the  druegist  might  have  been  prosecuted  under  sect.  17  of 
th^piina^  Act,  for  renuing  to  selL 
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on  the  oonnter,  but  on  hearing  the  errand  of  the  purchaser  he 
kid  his  hand  on  the  change  and  the  packet,  declaring  that  the 
sale  was  not  complete,  as  he  had  not  given  tJie  diange,  and  also 
that  he  did  not  sell  the  goods  as  unadulterated.  But  the  magis* 
tratea  very  properly  did  not  admit  the  defence. 

§  42.  There  is  an  important  question  as  to  how  &r  a  vendor 
cm  be  protected  by  having  a  board  in  or  over  his  shop  or  place 
of  business,  giving  notice  to  the  effect  that  all  the  goods  are 
tdnlterated. 

The  English  law  is  made  for  those  who  cannot  read  as  well  as 
for  those  who  can :  and  presuming  a  purchaser  to  be  uneducated, 
tiie  notice  gives  him  no  information.  Again,  it  is  certain  that 
a  very  large  number  of  purchasers,  even  shoiild  the  notice  be  in 
a  conspicuous  place,  fSul  to  observe  it.  In  most  cases  in  actual 
practice  such  notices  are  a  distinct  evasion  of  the  Act,  being 
inconspicuous,  and  in  dark  comers. 

A  seller  of  milk  had  a  van  on  which  a  notice  was  placed, 
"Country  skimmed  milk,  sold  as  adulterated  milk."  The  man 
^th  his  can  went  on  foot  from  door  to  door,  the  van  being  in 
tiie  road.  It  is  evident  that,  in  such  a  case,  very  few  of  the 
CQStomers  could  have  seen  the  labeL  An  inspector  who  bought 
tnmple  of  the  milk  did  not  see  it,  and  the  magistrate  convicted 
tbe  defendant*  The  important  appecd  case  of  Sandys  v.  Small, 
<fecided  before  the  Court  of  Queen's  Bench,  June  25,  1878,  bears 
jipon  this,  and  lays  down  the  law.  A  publican  put  up  a  notice 
i&  his  house  :  **  All  spirits  sold  here  are  mixed."  The  inspector 
of  weights  sent  a  messenger  to  buy  some  whisky,  which  was 
giTen  without  anything  more  being  said  on  either  side ;  but  the 
purchaser  admitted  that  before  be  bought  the  whisky  he  saw  the 
luitioe, ''  All  spirits  sold  here  are  mixed,  38  and  39  Yict.,  a  63, 
lea  8  and  9,  although  at  the  very  moment  of  buying  the 
^lusky  he  did  not  see  it.  It  was  proved  that  a  similar  notice 
^u  posted  at  the  bar  window  in  full  view  of  persons  purchasing. 
Cluef-Jastice  Cockbum  said  : — "  If  the  seller  chooses  to  sell 
ui  article  with  a  certain  admixture,  the  onus  lies  on  him  to 
pn)ve  that  the  purchaser  knew  what  he  was  purchasing.  With 
respect  to  the  ^iteration  of  the  article,  the  Act  has  provided  him 
^ih  the  means  of  protecting  himself  against  such  a  presumption, 
umI  mj%  that  if  he  attaches  to  the  article  a  notice  of  the  altera- 
tion which  has  been  made  in  its  quality,  then  he  shall  be  pro- 
jected against  any  charge  of  an  offence  against  the  Act.  If  he 
^  not  resort  to  this  protection,  then  the  presumption  of  law 
^ttichcs^  and  is  unrebutted.    If  he  can  show  that  he  brought 

*  Anafysi,  1880,  p.  225. 
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home  by  other  ways  to  the  knowledge  of  the  enstomery  that  the 
quality  of  the  artiole  was  altered  by  admixtare,  then  he  does  not 
commit  the  offenoe,  becanse  both  parties  knew  it^  and  the  seller 
does  not  sell  an  artiole  to  the  prejudioe  of  the  parehaseTy  and  the 
])arties  are  perfectly  free  to  contract  on  that  footing.  In  that 
view  the  seller,  if  he  has  stuok  np  a  notice,  would  not  oommit 
an  offence  though  he  migkt  not  have  affixed  a  label  to  the  bottle, 
because  he  did  not  sell  'to  the  prejudice  of  the  pordiaaer/ 
.  .  .  It  was  sufficiently  manifest  that  the  man  who  was  sent 
to  buy  the  whisky  knew  of  the  notice  stuck  up,  and  hence  it 
was  dear  that  the  defendant  committed  no  offidnce." 

From  this  judgment  it  is  sufficiently  evident  that  where  the 
general  label  or  notice  has  been  clearly  seen  and  understood 
1>efore  making  the  purchase,  then  no  offbnce  is  committed.  The 
decision  of  Liddiard  v.  Reeoe  does  not  cover  exactly  the  same 
ground  as  the  case  just  quoted,  but  both,  I  think,  support  the 
view  here  put  forward — viz.,  that  the  defendant  is  bound  to 
prove  that  the  purchaser  had  a  clear  knowledge  of  the  quality 
of  the  goods  before  purchasing. 

§  43.  Section  10  provides  for  the  appointment  of  public 
analysts  in  England,  Scotland,  and  Ireland,  by  various  local 
bodies,  such  as,  in  England,  the  Commissioners  of  Sewers  for  the 
City  of  London,  the  Vestries  and  Local  Boards  of  the  Metropolis, 
the  Quarter  Sessions  of  Counties,  and  the  Town  Councils  of 
Boroughs  with  a  separate  police  establishment ;  in  Scotland,  the 
Commissioners  of  Supply,  or  the  Commissioners  of  Boards  of 
Police,  or,  where  there  are  no  such  Commissioners,  the  Town 
Councils  of  Burghs ;  and  in  Ireland,  the  Grand  Juries  of  the 
Counties  and  the  Town  Councils  of  the  Boroughs. 

These  appointments  must  be  confirmed  by  a  central  authority, 
which,  in  England,  is  the  Local  Government  Board  ;  in  Scot- 
land, one  of  Her  Majesty's  Secretaries  of  State  ;  and  in  Ireland, 
the  Irish  Local  Government  Board.  The  appointment  is,  in  the 
first  instance,  permissive,  but  the  superintending  or  central 
authority  may  compel  the  appointment,  and  the  filling  of  any 
vacancy  appears  to  be  compulsory. 

The  qualifications  of  the  analyst  are,  to  a  certain  extent, 
defined  by  the  Act,  for  it  directs  that  there  shall  be  appointed 
'*  one  or  more  persons  possessing  competent  knowledge,  skill, 
and  experience."  It  has  been  thought  that  the  person  appointed 
must  have  had  a  medical  education  ;  but  although  this  may  be 
desirable,  and  extremely  useful,  yet  it  is  certain  tlint  with  regard 
to  the  carrying  out  of  the  Act  itself,  the  best  qualifications  are 
those  of  a  chemical  and  scientific  nature.  A  board  selecting 
\n  MDBlyat  for  the  first  time  should  insist  more  especially  on 
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chemical  experience,  as  evidenced  by  original  papers,  the  inven- 
tion of  processes  of  analysis,  and  practical  work  done  in  the 
laboratory  of  some  well-known  analyst  It  is  a  most  serious 
thing  for  the  traders  of  a  town  or  county  to  be  at  the  mercy  of 
incompetence  or  inexperience,  and  many  of  the  appointmoiita 
which  were  at.  first  made  under  the  Act  were  so  notoriously 
unsuitable,  that  a  great  deal  of  undeserved  odium  was  thrown 
upon  the  whole  body  of  analysts.  Lately,  however,  the  '*  survival 
of  the  fittest*'  process  has  been  going  forward,  with  the  result  of 
a  great  improvement,  and  one  likely  to  be  continuous,  more 
espedally  as  the  Local  Government  Board,  acting  under  skilled 
adrice,  is  now  very  cautious  in  confirming  appointments,  and 
insists  upon  proper  qualifications. 

The  eleventh  section  distinctly  lays  down  the  principle  of  combi- 
nation, enacting  that  the  town  council  of  any  borough  may  unite 
with  that  of  any  neighbouring  borough  in  appointing  an  analyst 
jointly  ;  or  the  analyst  for  the  county  in  which  the  borough  is 
sitaated  may  act  upon  arrangement  as  analyst  for  their  borough. 
Those  who  are  practically  acquainted  with  the  subject  know, 
that  it  is  only  in  the  largest  and  most  populous  places  in  Eng- 
land that  any  kind  of  living  can  be  made  out  of  a  public  analy- 
tical appointment  Hence,  it  follows  that  an  analyst  for  a  small 
place  must  either  have  private  means,  or  that  his  chief  occupa- 
tion most  be  of  a  more  remunerative  nature ;  it  is,  therefore, 
highly  desirable  that  the  analysis  of  food  and  drugs  should  be 
in  a  few  hands  only,  and  that  an  analyst  should  hold  many 
appointments  of  the  same  nature.  In  this  way,  and  in  this  way 
only,  will  it  be  possible  to  have  properly  fitted  laboratories, 
sapplied  with  all  the  expensive  appliances  of  modem  research, 
and  in  this  way  only  will  it  be  possible  to  improve  the  processes 
of  analysis.  It  is  also  a  fact,  from  the  very  few  cases  in  which 
an  experienced  analyst  has  to  attend  as  witness,  that  there  would 
be  no  inconvenience,  were  all  the  northern  counties  to  have  their 
samples  analysed  at  Sheffield,  Manchester,  or  York ;  the  western 
and  south-western  counties  at  Bristol ;  and  the  rest  of  £ngland 
at  the  London  laboratories.  Probably  also  the  whole  of  the 
Sootch  samples  could  be  dealt  with  in  Glasgow  and  Edinburgh, 
and  the  Irish,  in  like  manner,  in 'two  of  the  chief  cities. 

{  44.  Section  12  of  the  principal  Act  provides  for  the  purchase 
of  samples  by  any  purchaser  for  analysis  by  the  public  analyst 
for  the  district  in  which  the  purchase  is  made,  on  payment  to 
tach  analyst  of  a  sum  not  exceeding  ten  shillings  and  sixpence  ; 
or  if  there  is  no  analyst  appointed  for  the  district,  to  the  analyst 
of  another  place.  In  this  latter  case  the  fee  appears  to  be  a 
matter  of  private  arrangement,  for  the  words  of  the  Act  are — 
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"  Bucli  sum  as  may  be  agreed  upon  between  snob  penon  and  tbe 
analyst."  In  eitber  case,  tbe  analyst  must  give  a  oertificate  of 
bis  results  to  tbe  purobaser.  Tbe  porobaser  most  also  purcbase 
the  article  in  tbe  manner  directed  in  Section  14,  aa  will  be 
sbortly  detailed. 

It  is  evident  tbat,  for  legal  purposes,  tbe  official  analyst  must 
be  employed,  and  tbat  under  tbe  Act  no  prosecution  can  be  under- 
taken except  on  bis  certificate.  Tbus,  at  tbe  Mancbester  Police 
Court,  tbe  Milk-Dealers'  Protection  Society  attempted  to  prose- 
cute on  the  certificate  of  a  private  analyst^  but  on  this  technical 
ground  alone  the  magistrate  dismissed  the  case.* 

The  author  believes  tbat  when  a  purchaser  comes  to  a  public 
analyst  with  a  sample  of  food,  and  desires  its  analysis  under  tbe 
Act,  the  analyst  must  assume  that  the  conditions  of  tbe  purobase 
under  the  fourteenth  section  have  been  complied  wiib,  and  cannot 
refuse  to  analyse  it ;  on  tbe  other  hand,  if  be  is  expressly  informed 
that  the  provisions  have  not  been  carried  out,  and  moreover  that, 
whatever  his  certificate  may  be,  there  is  no  intention  of  proceeding 
further,  then  tlie  analyst  may  refuse  to  analyse  the  substance, 
under  the  Act,  and  the  question  of  analysis  will  be  a  matter  of 
private  arrangement  between  the  purchaser  and  the  analyst ; 
the  spirit  of  the  Act  being  to  prevent  fraud — not  to  encourage 
curiosity. 

§  45.  The  thirteenth  section  of  the  old  Act  and  the  third 
section  of  the  amended  Act  should  be  read  together  : — 

''Any  medical  officer  of  health,  inspector  of  nuisances,  or 
inspector  of  weights  and  measures,  or  any  inspector  of  a  market, 
or  any  police-constable  under  the  direction  and  at  the  cost  of  the 
local  authority  appointing  such  officer,  inspector,  or  constable,  or 
charged  with  the  execution  of  this  Act,  may  procure  any  sample 
of  food  or  drugs,  and  if  he  suspect  the  same  to  have  been  sold  to 
him  contrary  to  any  provision  of  this  Act,  shall  submit  the  same 
to  be  analysed  by  the  analyst  of  the  district  or  place  for  which 
he  acts  ;  or  if  there  be  no  such  analyst  then  acting  for  such  place, 
to  the  analyst  of  another  place,  and  such  analyst  shall,  upon 
receiving  payment  as  ia  provided  in  the  last  section,  with  all 
convenient  speed,  analyse  the  same  and  give  a  certificate  to  such 
officer,  wherein  he  shall  specify  the  result  of  the  analysis." 

By  Section  3  of  the  amended  Act  the  same  individuals  ''  may 
procure  at  the  place  of  deliveiy  any  sample  of  any  milk  in  course 
of  delivery  to  the  purchaser  or  consignee,  in  pursuance  of  any 
contract  for  the  sale  to  such  purchaser  or  consignee  of  such  milk.'' 

Section  4  of  the  same  Act  provides  a  penalty  for  refusal  to 

^Analyst,  1879,  vol  iv.,  p.  74. 
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nbmit  samples  of  milk  to  be  taken,  of  a  sum  not  exceeding 
£10. 

Section  17  of  the  principal  Act  also  provides  a  penalty  not 
exceeding  £10,  for  refosai  to  sell  to  the  persons  appointed  to 
etrrj  oat  the  Act  any  ^  article  of  food  or  any  drug  exposed  for 
ade,  or  on  sale  by  retail  on  any  premises,  or  in  any  shop  or 
itorea  The  purchaser  shall  tender  the  price  for  the  quantity 
▼hich  he  shall  require  for  the  purpose  of  analysis,  not  being 
more  than  shall  be  reasonably  requisite." 

Any  street  or  place  of  public  resort  is  held  to  come  within  the 
meaning  of  this  section. 

It  is  perfectly  clear  from  the  sections  quoted,  that  if  a  sample 
be  taken  of  milk  in  transit,  that  sample  must  be  taken  at  the 
place  of  delivery.  I(  for  example,  a  milkman  is  driving  his  cart 
through  Oxford  Street,  it  would  not  be  legal  for  an  inspector  to 
tiop  the  cart  and  require  a  sample  of  the  milk.  The  sample 
auit  be  taken  at  the  place  where  the  milk  is  delivered.  This 
mtj  be  a  house,  or  it  may  be  a  railway-station,  or  it  may  be  a 
public  booth  where  the  milk  is  sold  at  so  much  a  glass. 

From  the  case  of  Crouch  v.  Hall  recently  heard  before  the 

Court  of  Queen's  Bench,  it  is  evident  that  in  procuring  samples 

^  the    place  of  delivery,  the  in8i)ector  need  not  divide  the 

ample.     The  case  was  briefly  as  follows  : — The  inspector  was  at 

Soston  Station,  and  saw  a  can  of  milk  taken  from  the  van.     He 

accordingly  demanded  and  received  a  sample,  and  treating  the 

porter  as  the  agent  of  the  respondent,  divided  the  milk  into  three 

ptrts,  and  gave  one  of  the  parts  to  the  porter,  telling  the  latter 

tUt  he  intended  to  have  the  milk  analysed.     He  took  no  steps 

to  inform  either  the  respondent  or  the  consignee  of  his  intention, 

bat  on  finding  the  milk  adulterated  with  water  laid  his  inforraa- 

^      The    case    was    dismissed  by  the  magistrate,  and   the 

uiipeetor  appealed.     Mr.  Justice  Field  said  that  the  appeal  must 

be  allowed.     The  Court  was  clearly  of  opinion  that  the  railway 

Wet  was  not  the  agent  of  the  respondent  within  the  provisions 

^the  fourteenth  section,  nor  was  he  bound  to  accept  a  third  of  the 

*^ple  of  the  milk,  although  he  would  have  been  liable  to  a  penalty 

W  he  refused  to  supply  a  sample.     The  object  of  the  Act  was  to 

>«care  tothe  public  a  supply  of  pure,  unadulterated  milk,  and  for 

^lut  purpose  it  was  liable  to  seizure  at  the  time  of  its  being  sold  by 

tlie  seller  or  his  agents,  provided  that  a  third  of  the  same  sample 

tiiould  be  tender^  to  him,  so  that  he  might  be  enabled  to  have 

*Q  independent  analysis  to  show  whether  it  was  adulterated  or 

not      Bat  as  milk  had  to  be  supplied  from  the  country,  and  it 

VIS  found  that  a  hardship  was  often  inflicted  on  the  London 

teller,  to  whom  adulterated  milk  was  supplied  bv  farmers,  it  wsa 
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enacted  by  the  Amendment  Act  of  1879,  42  and  4S  Yiet  e.  SO^ 
that  the  inspector  should  hare  the  power  of  seising  the  mUk  at 
the  place  of  deliyerr  to  the  consignee.  In  this  oaaOi  althon^^  the 
delivery  had  not  been  completed,  and  although  the  railway 
porter  could  not  be  held  to  be  the  agent  of  the  consignor,  the 
Court  was  of  opinion,  that  by  the  Amendment  Act  the  legiaUtora 
did  not  intend  to  extend  to  the  consignor  that  priTilege  which 
was  afforded  under  the  previous  Act  to  the  seller,  namelj,  that 
of  giving  him  a  third  of  the  sample  to  enable  him  to  obtain  an 
independent  analysis.  The  case  was  then  remitted  to  the 
magistrate  in  the  usual  form. 

§  46.  Section  14  fully  details  the  method  to  be  pursued  by  any 
purchaser  under  the  Sale  of  Food  and  Druga  Act 

The  person  purchasing  any  artide  with  the  intention  of  sub- 
mitting the  same  to  be  analysed,  shall  after  the  purchase  shall 
have  been  completed,  forthwith  notify  to  the  seller  or  his  agent 
selling  the  article,  his  intention  to  have  the  same  analysed  by  the 
public  analyst,  and  shall  offer  to  divide  the  article  into  three  parts 
to  be  then  and  there  separated,  and  each  part  to  be  marked  and 
sealed  up  or  fiEustened  up,  as  its  nature  will  permit,  and  shall  if 
required  to  do  so,  proceed  accordingly,  and  shall  deliver  one  of 
the  parts  to  the  seller  or  his  agent.  He  shall  afterwards  retain 
one  of  the  said  parts  for  future  comparison,  and  submit  the  third 
part,  if  he  deem  it  right  to  have  the  article  analysed,  to  the 
analyst. 

Section  15.  If  the  seller  or  his  agent  do  not  accept  the  offer  of 
the  purchaser  to  divide  the  article  purchased  in  his  presence, 
the  analyst  receiving  the  same  article  for  analysis  shall  divide 
the  same  into  two  parts,  and  shall  seal  or  fasten  up  one  of  those 
parts,  and  shall  cause  it  to  be  delivered,  either  upon  receipt  of 
the  sample,  or  when  he  supplies  his  certificate  to  the  purchaser, 
who  shall  retain  the  same  for  production,  in  case  proceedings  shall 
afterwards  be  taken  in  the  matter. 

In  the  case  of  Horde  v,  Scott,  heard  in  the  Queen's  Bench 
division  before  Justices  Lush  and  Field,  on  the  4th  of  May, 
1880,  it  was  made  clear  that  an  inspector  could  appoint  a  deputy. 
The  case  was  an  appeal  from  a  decision  of  justices  in  the  county 
of  Stafford.  An  inspector  under  the  Act  had  deputed  his 
assistant  to  purchase  a  sample  of  coffee,  which  was  duly  divided 
in  conformity  with  the  Act,  and  the  analyst  certified  to  its 
adulteration  with  chicory.  The  magistrates,  however,  considered 
that  as  the  proceedinsfs  were  initiated  by  the  inspector  in  his 
official  capacity,  he,  having  laid  the  information,  and  having 
regard  to  sections  13,  14,  and  17  of  the  Act,  should  personally 
have  purchased  the  article,  and  the  case  was  dismissed.     This^ 
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Mr.  Justioe  Field  said,  was  entirely  wrong  : — **  It  did  not  signify 
whether  the  inspector  purchased  by  his  own  hand  or  by  his 
agent.  Then  the  magistrates  had  decided,  secondly,  that 
Samoel  Toy,  being  the  purchaser,  should  have  submitted  the 
artiele  to  tiie  county  analyst;  there  again  he  thought  the 
magistrates  were  wrong.  •  •  •  If  the  thing  were  properly 
analysed,  it  does  not  signify  through  whose  hands  the  article  was 
bou^t." 

On  the  purchase  of  an  article  it  is  evidently  essential  to  say, 
not  only  that  it  is  the  purchaser's  intention  to  have  it  analysed, 
but  **  imalysed  by  the  public  analyst,''  care  being  taken  to  use 
the  exact  words  of  the  Act.  This  objection  has  been  several 
times  raised  with  effect.  When  a  deputy  purchases  samples, 
it  would  be  a  mistake  for  the  inspector  to  appear  and  seal  the 
lamples.  This  had  better  be  left  to  the  purchaser,  who  can 
then  immediately,  or  at  any  subsequent  period,  hand  the 
Bunples  to  the  inspector,  by  whom  they  should  be  delivered  to 
the  analyst.  It  is  obvious  that  legal  proof  will  be  required  as 
to  the  proper  keeping  and  delivery  of  the  samples. 

It  has  been  argued  that  the  division  of  the  sample  into  three 
parts  means  three  equal  parts ;  but  there  is  no  direction  in  the 
Act  as  to  an  equal  division.  At  the  same  time,  should  the 
parchaser  leave  with  the  seller,  or  keep  himself  an  insuffi- 
cient quantity  for  any  further  analysis,  there  would  be  an 
infringement  of  the  spirit  of  the  Act ;  for  the  purpose  of  the 
division  evidently  is  to  provide  against  any  mistake  or  wrong 
bterpretation  of  facts  on  the  part  of  the  analyst  Should  another 
analysis  be  required,  it  would  not  be  right  that  the  seller  should 
be  put  at  a  diuidvantage  by  any  marked  or  great  inequality  in 
the  division  of  the  parts ;  hence  it  will  be  prudent  for  purchasers 
to  divide  the  substance  into  three  parts  as  nearly  equal  as  may 
be,  but  it  is  unnecessary  to  use  for  this  purpose  balances  or 


On  the  seller  or  his  agent  not  accepting  the  offer  of  the  pur- 
chaser to  divide  the  sample  into  three  parts,  it  becomes  the  duty 
of  the  analyst  to  divide  it  into  two  parts.  There  is  no  direct 
stipulation  as  to  when  this  is  to  be  done,  for  the  analyst  is 
permitted  to  keep,  if  he  chooses,  the  whole,  until  the  termination 
of  the  analysis ;  but  it  is  evidently  the  course  most  free  from 
objection  to  divide  it  into  two  approximately  equal  parts 
immediately  on  receipt  of  the  sample,  to  seal  it  in  the  presence 
of  the  purchaser,  and  deliver  one  of  the  parts  to  the  purchaser. 

{  47.  Section  16  permits  articles  to  be  sent  by  post  after  being 
duly  r^pstered,  and  the  Postmaster-Greneral  has  made  the  foUow- 
ing  T^ulfl^ions  with  regard  to  the  transmission  of  samples : — 
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''Each  packet  must  be  addressed  aooordingtothe  efficialderignatiion 
of  the  analyst,  as 'public  axialyst^' or  otherwise;  the  naiiiTe  of  its  ooii* 
tents  mast  be  stated  on  the  fix>nt  of  the  padcet  Any  postmaster, 
at  whose  office  a  packet  for  a  pablic  analyst  shall  be  tendered  tot 
registration,  may  refuse  to  accept  it  for  this  purpose^  unleM  it  he 
packed  in  so  secure  a  manner  as  to  render  it  at  least  unlikely 
that  its  contents  will  escape,  and  injure  the  oorrsspondenoe. 
Liquids  for  analysis  shall  be  contained  in  stout  bottles  or  blad- 
ders, which  shall  be  enclosed  in  strong  wooden  boxes  with 
rounded  edges — the  boxes  being  coTered  by  stout  wrappers  of 
paper  or  cloth,  and  no  such  packet  shall  exceed  ei^t  inches  in 
length,  four  in  width,  or  three  inches  in  depth.  No  packet  what- 
ever addressed  to  a  public  analyst  shall  exceed  the  dimensions  of 
eighteen  inches  in  length,  nine  inches  in  width,  or  six  iaehea  in 
depth.  The  postage  and  registration-fee  on  each  packet  srast  be 
prepaid." 

As  analyst  for  a  distant  county,  I  have  had  made  a  large  num- 
ber of  small  wooden  boxes  for  the  purpose  of  transmitting  sam- 
ples, and  these  I  have  supplied  to  the  inspectors.  In  this  way  I 
have  received  samples  of  milk,  cream,  butter,  wines,  spirits,  and 
other  matters  through  the  post  for  the  last  three  or  four  years,  and 
no  difficulty  has  been  experienced.  There  are,  however,  bulky 
matters,  such  as  beer,  loaves  of  bread,  &c.,  in  which  the  trans- 
mission by  post  is  impossible,  and  it  is  a  pity  that  there  is  not 
some  provision  to  enable  such  articles  to  be  forwarded  by  rail. 
The  inspector  having  already  secured  a  saiople  locally,  any 
possible  tampering  with  the  article  in  transit  would  be  easily 
detected. 

§  48.  Section  18  states  that  the  certi6eate  shall  be  in  the  form 
set  forth  in  the  schedule,  or  to  the  like  effect.  These  last  few  words 
are  important,  for  the  analyst  thereby  is  not  absolutely  confined 
to  the  certificate  in  the  schedule.  Notwithstanding  this,  it  ia 
safer  to  adhere  strictly  to  the  exact  form  of  certificate,  and  not 
to  attempt  to  modify  it  in  any  way.  In  certifying,  the  more 
definite  the  certificate  is  the  better.  An  analyst  having  given  a 
certificate  as  follows  : — '^A  sample  of  coffee  was  adulterated  with 
20  per  cent,  of  vegetable  matter,  which  I  believe  to  be  chicory,* 
the  magistrate  dismissed  the  case,  on  the  simple  ground  of  "  the 
loose  wording  of  the  certificate.*'  Probably  the  magistrate  was 
wrong,  for  if  the  words  meant  anything  at  all,  they  meant 
that  the  coffee  was  adulterated  with  some  vegetable  ingredient 
that,  whatever  it  was,  was  not  coffee.  Nor  do  I  see  that  it  is 
essential  for  the  analyst  to  know  the  exact  nature  of  a  substance 
Mdded,  ao  long  as  he  is  perfectly  clear  that  the  substance  is 
to  the  article,  and  not  oi  t\ie  nai\»\ix^  tlA.t  ihe  purchaser 


§  48.]  THI  PRXSSHT  LAW  AS  TO  ADULTERATION.  59 

demanded.     It  is  obvious  that  coffee  may  be  adulterated  by  some 
foreign  root  wbiob  no  analyst  has  ever  seen  or  heard  of;  and  it 
would  surely  be  a  certificate  to  be  accepted  and  adjudicated  upon 
if  the  analyst  (under  these  circumstances)  were  to  certify,  '*  This 
coffee  is  adulterated  with  20  per  cent,  of  vegetable  matter  which 
is  not  coffee,  but  the  exact  nature  of  which  is  unknown  to  me." 
Agsin,  an  analyst  certified — *'  Practically,  all  chicory,"  and  the 
magistrates  dismissed  the  case  on  the  ground  of ''  the  loose  word- 
ing of  the  certificate."     Here  it  is  probable  that  the  magistrates 
were  right,  for  such  a  certificate  is  neither  in  the  form  nor  to 
the  effect  of  the  certificate  appended  in  the  schedule  to  the  Act, 
which   plainly  implies  that  where  there  is  adulteration,   the 
analyst  shall  state  the  percentages  of  parts.     It  is  true  that  the 
cue  might  have  been  adjourned  for  the  attendance  of  the  analyst, 
or  the  certificate  might  have  been  amended,  but  nothing  in  the 
Act  contemplates  or  provides  for  any  inaccuracy  or  carelessness 
in  drawing  out  the  certificate. 

In  the  case  of  any  article  liable  to  decomposition,  the  analyst 
most  certify  specially  as  to  whether  '*  any  change  has  taken  place  in 
the  eongdhUion  of  the  article  that  vxndd  interfere  with  the  analysis  J* 
Milk  and  butter  are  specifically  mentioned,  but  the  rule  would 
eridently  apply  to  all  foods  preserved  in  tins,  provided  the 
tin  has  been  opened.  It  might  also  be  argued  that  many  other 
mbatances  (such  as  wine  or  beer)  are  liable  to  decomposition; 
henoe,  it  will  be  better  for  the  analyst  to  give  this  matter  rather 
i  wide  interpretation,  and  insert  in  his  certificate  the  necessary 
words,  if  called  upon  to  certify  in  reference  to  any  substance 
that,  under  any  conditions,  is  liable  to  decompose.  The  exact 
words  must  be  used,  for  in  an  appeal  heard  at  the  Middlesex 
Besnons,  October,  1880,  Peart  v,  Edwards,  the  analyst  certified 
that  the  milk  was  fresh  when  delivered  to  him,  but  omitted  to 
specify  whether  ''any  change  had  taken  place  in  the  constitu- 
tion of  the  article,  so  as  to  interfere  with  the  analysis;"  and  on 
this  ground  the  assistant-judge  quashed  the  conviction. 

Section  19  provides  for  the  regular  quarterly  reports  of  the 
uialjst,  copies  of  which  are  to  be  transmitted  to  the  Local  Govem- 
iBent  Board.  If,  as  in  many  cases,  no  work  at  all  has  been  done 
ttnder  the  Act,  it  is  evidently  the  duty  of  the  analyst  to  send  a 
-stf'' report 

Section  20  provides  for  the  institution  of  proceedings.  The  A  ct 
«yi — "  The  person  causing  analysis  may  take  proceedings."  He, 
tWefore,  need  not  be  the  actual  purchaser ;  and  it  is  usual  for 
an  inspector  to  take  the  summons  out  on  behalf  of  the  public 
body  for  which  he  acts. 
In  all  prosecnti^ui^  under  the  Act,  and  notwithstanding  the 
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section  just  quoted,  the  sammoiui  must  be  aenred  within  it  reascm* 
able  time,  and  in  the  case  of  a  perishable  article,  e.^.,  milk,  not 
exceeding  twenty-eight  days  from  the  time  of  the  purchase^  etc. 
The  summons  must  state  the  particulars  of  the  offence  or  offences, 
and  also  the  name  of  the  prosecutor;'  and  it  must  not  be  made 
returnable  in  less  than  seyen  days  fix>m  the  day  it  is  served  upon 
the  person  summoned.  c 

Section  21  of  the  principal  Act  provides  that  the  certificate  jr 
of  the  analyst  shall  serve  as  evidence;  therefore,  unless  speoi-  i 
ally  required,  he  need  not  attend.  If,  however,  the  defendant  ^ 
require  the  analyst  to  be  called  as  a  witness,  he  will  then  be 
obliged  to  appear.  This  request  for  the  analyst  to  attend  may  be 
by  notice  from  either  the  solicitor  or  the  defendant  himself,  or  it 
may  be  by  request  in  court  at  the  first  hearing  of  the  case,  in 
which  instance,  the  case  will  probably  have  to  be  adjoaraed. 
Such  notice  should  certainly  be  given  in  writing  to  the  analyst^ 
but  still  it  is  not  advisable  to  ignore  a  verbal  request. 

§  49.  Section  22  provides  for  a  part  of  the  sample,  or  samples, 
to  be  analysed  at  Somerset  House,  in  case  of  any  dispute  as  to 
the  con*ectness  of  tlie  analysis.  The  public  analysts  were  much 
opposed  at  first  to  the  reference  of  their  work  to  the  laboratory 
at  Somerset  House,  but  it  must  be  confessed  that  hitherto  the 
clause  has  worked  fairly  well;  and  although  mistakes  at  the 
Somerset  House  Laboratory  may  and  perhaps  do  occur,  the  work 
appears  to  be  done  there  with  the  greatest  care  and  conscientious- 
ness. Defendants,  notwithstanding  this  clause,  are  very  fond  of 
employing  private  analysts  for  the  defence:  certainly  a  most 
unwise  proceeding,  for  if  the  analysis  is  disputed,  power  is  given 
under  the  Act  to  refer  the  matter  to  a  laboratory,  which,  from 
the  very  nature  of  its  constitution,  will  be  perfectly  impartial, 
and  the  certificate  of  which  will  be  admitted  as  evidence. 

Section  23  provides  for  an  appeal  to  Quarter  Sessions. 

Section  25  gives  the  opportunity  to  the  defendant  to  prove  by 
written  warranty,  *^  that  he  had  no  reason  to  believe  at  the  time 
when  he  sold  it  that  the  article  was  otherwise  than  of  the  nature, 
quality,  kc,  demanded;  that  he  sold  it  in  the  same  state  as  when 
he  purchased  it"  On  proof  of  this,  the  defendant  may  be  dis> 
charged  from  the  prosecution,  but  he  will  have  to  pay  costs, 
unless  he  has  given  notice  to  the  prosecutor  that  he  wUl  adopt 
this  line  of  defence. 

In  the  case  of  Rook  v.  Hopley,  it  was  decided  that  an  invoice 

containing  a  description  of  an  article  sold  to  a  retail  dealer 

not  such  a  written  warranty  as  is  required  by  Section  25 ;  and 

retail  dealer  who  sells  an  adulterated  article  in  the  same  state 

as  be  purchased  it  will  not,  by  virtue  of  such  a  document,  be 
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nfciiled  to  be  dischaiged  on  being  summoned  before  a  magis- 

Seetion  26  provides  for  the  payment  of  penalties  recovered,  to 
die  aotboritj,  for  the  purpose  of  defraying  the  expenses  of  the 

Section  27  has  stringent  clauses  relative  to  persons  convicted 
of  forging-  warranties,  wilfully  applying  a  certificate  or  warranty 
of  an  article  of  food  or  drug  to  any  other  article  of  food  or  drug, 
die  giving  of  a  feAae  warranty,  and  wilfully  giving  a  label  falsely 
describing  the  article  sold. 

This  latter  clause  of  the  section — ^viz.,  ''Every  person  who  shall 
viUblly  give  a  label  with  any  article  sold  by  him,  which  shall 
fiJaely  describe  the  article  sold,  shall  be  guilty  of  an  offence  under 
lids  Act,"  Ae. — would  apply  to  a  great  many  cases  of  adultera- 
kioii  in  which  the  article  is  wrongly  described  by  label;  but  it  is 
evident  that  guilty  knowledge  must  be  proved,  for  the  word 
**  wiUally  "  presupposes  guilty  knowledge.  In  most  cases,  unless 
the  actual  manu&cturer  were  summoned^  ignorance  would  be 
pleaded. 

Section  28  provides  that  nothing  in  the  Act  shall  affect  the  power 

of  proceeding  by  indictment,  or  take  away  any  other  remedy 

against  any  offender  under  the  Act,  or  in  any  way  interfere  with 

contracts  and  bargains  between  individuals,  and  the  rights  and 

lunedies  belonging  thereto,  provided  that  in  any  action  brought 

by  any  person  for  a  breach  of  contract  on  the  sale  of  any  article 

oCfood  or  any  drug,  such  person  may  recover  alone,  or  in  addition 

to  iny  other  damages  recoverable  by  him,  the  amount  of  any 

penalty  in  which  he  may  have  been  convicted  under  this  Act, 

together  with  the  costs  paid  by  him  upon  such  conviction,  and 

those  incurred  by  him  in  and  about  his  defence  thereto,  if  he 

prove  that  the  article  or  drug,  the  subject  of  such  conviction,  was 

lold  to  him  as  and  for  an  article  or  drug  of  the  same  nature,  sub- 

■tmce,  and  quality  as  that  which  was  demanded  of  him,  and  that 

be  purchased  it  not  knowing  it  to  be  otherwise,  and  afterwards 

loU  it  in  the  same  state  in  which  he  purchased  it — the  defendant, 

in  such  action,  being  nevertheless  at  liberty  to  prove  that  the 

eoDviction  was  wrongful,  or  that  the  amount  of  costs  awarded  or 

dsimed  was  unreasonable. 

The  30th  section  of  the  Act  provides  for  the  examination  of 
tea  on  importation. 

The  effect  of  this  examination  has  been  so  good  that  adulterated 
tea,  in  comparison  with  the  period  before  the  Act,  has  decreased 
in  a  very  marked  degree. 
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VIL— THE  DUTY  OF  THE  INSPECTOB,  OR 
PURCHASER  UNDER  THE  ACT. 

§  50.  It  will  be  the  duty  of  the  inspeotors  appointed  under  the 
Act  by  the  local  authority  employing  them^  to  take  and  submit 
samples  from  time  to  time  to  the  public  analyst^  and  it  will 
greatly  depend  on  their  intelligence  and  activity  whether  the 
Act  will  be  carried  out  properly  or  not. 

An  active  inspector,  if  he  is  not  known  when  he  oommenoes 
the  work,  will  soon  become  so,  and  it  will  be  necessary  to  employ, 
as  a  rule,  deputies.  The  deputies,  it  is  hardly  necessary  to  states 
should  not  be  children,  but  inteUigent  adults  of  either  sex,  and 
they  should  be  carefully  instructed  in  the  **  purchase  dauses*'  cf 
the  Act,  and  taught  how  to  seal  and  properly  divide  the  samples 
purchased.  It  will  be  necessary  for  the  official  purchaser  to 
carry  with  him  all  materials  for  properly  labelling  and  sealing 
samples.  A  convenient  bag  with  bottles,  jars,  wrapping  paper, 
wax  tapers,  matches,  sealing-wax,  and  an  official  so&l,  will 
therefore  be  essential. 

The  sample  should  not  be  divided,  nor  any  declaration  made 
until  the  sale  is  absolutely  complete  and  the  sample  in  pos- 
session of  the  inspector ;  when  that  is  the  case,  the  exact  words 
of  the  Act  must  be  used,  and  he  must  say,  **  I  have  bought  this 
for  the  purpose  of  having  it  analysed  by  the  public  ancdya^**  and 
then  he  must  offer  to  divide  it  into  three  parts,  which  he  will  at 
once  proceed  to  do,  unless  the  seller  decline  to  take  advantage  of 
the  offer ;  in  that  case  the  purchaser  will  take  the  whole  to  the 
analyst. 

The  purchaser  must  carefully  note  any  declaration  which  the 
seller  may  make  with  regard  to  the  article,  and  especially  whether 
such  declaration  is  made  before  or  after  the  completion  of  sale. 

The  division  of  the  sample  must  be  as  equal  as  possible,  and 
the  parts  must  be  very  carefully  sealed.  In  sealing  bottles,  the 
cork  should  be  driven  in  flush  with  the  surface  of  the  neck,  and 
the  seal  not  only  placed  on  the  top  of  the  cork,  but  carried  round 
on  to  the  neck  itself,  so  as  to  render  it  impossible  for  a  knife 
to  be  inserted  under  the  wax  and  the  cork  removed  without 
breaking  the  seal.  A  label  identical  in  wording  and  number 
must  be  affixed  to  each  division  of  the  same  sample.  In  the  case 
of  butter  and  substances  which  cannot  be  put  into  corked  bottles, 
the  best  method  is  to  wrap  the  substance,  or  jar  containing  the 
substance,  in  paper,  and  put  several  seals  on  the  paper  in  such  a 
w»jr  that  it  18  impossible  for  the  packet  to  be  tampered  with. 
The  inapeotor  should  alwaya  carry  9,  ^V3  qI^^  ks:^  ^vvtJi  him, 
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and  in  caae  of  a  refusal  to  sell,  he  should  then  present  his  card, 
or  declare  that  he  is  an  inspector  duly  appointed  to  carry  oat 
the  Act,  and  call  the  attention  of  the  seller  to  Section  17,  and 
tender  the  price  of  the  article  sold.  If  the  seller  still  refuses  to 
seU,  then  the  purchaser  evidently  has  a  case  under  the  Act,  and 
should  proceed  accordingly. 

The  official  purchaser  should  not  select  to  the  exclusion  of 
others  the  poorest  shops,  but  take  samples  as  equally  as  possible. 

The  purchase  of  samples  need  not  be  effected  in  an  officious 
manner,  nor  is  it  just,  for  example,  to  enter  a  shop  when  full  of 
people,  and  with  ostentation  buy  and  diTide  the  sample  before 
the  ciwtomers,  for  an  injury  may  thus  be  done  to  an  honest 
tradesman;  the  people  in  the  shop  might  naturally  think,  in 
such  a  case,  that  the  tradesman's  goods  were  "things  suspect." 
There  are  indeed  always  two  ways  of  doing  a  thing,  and  a  little 
politeness  and  civility  will  in  no  way  interfere  with  the  execution 
of  doty,  or  the  carrjring  out  of  the  Act, 

The  official  purchaser  will  probably  be  abused  occasionally  in 
no  measured  terms,  but  he  must  endeavour  to  keep  his  temper, 
and  it  is  advisable  to  say  as  little  as  possible,  and  not  to  retort 
in  any  way.  The  sample  retained  by  the  purchaser  must  be 
locked  up  in  a  drawer  or  place  to  which  no  one  else  could  have 
access  without  the  key. 

Inspectors  should  from  time  to  time  consult  the  analyst  as  to 
what  samples  would  be  advisable  to  take  for  analysis.  There 
are  many  substances — e.g.,  white  sugar — which  are  so  seldom 
adulterated  that  it  is  scarcely  worth  while  obtaining  samples  of 
such,  unless  there  has  been  some  informatioji  laid  relative  to 
their  quality. 

In  taking  samples  of  milk  in  the  street,  as  before  stated  (p.  55), 
it  is  of  no  use  for  the  inspector  to  stop  the  milk-seller  while 
actually  carrying  his  cans  from  door  to  door,  but  he  must  buy  it 
at  a  place  of  delivery ;  for  example,  he  could  not  take  a  sample  from 
an  itinerant  milk-seller  legally  while  the  milk-seller  was  going 
from  one  door  to  another,  but  directly  the  milk-seller  stops  at  any 
door,  he  may  then  demand  a  sample  and  tender  the  money  for 
it,  because  then  the  milk  is  being  delivered.  He  may  also  go  to 
a  railway  station,  and  take  samples  of  milk  from  the  cans 
themselves;  in  the  latter  case,  it  does  not  appear  necessary 
to  divide  the  sample  into  three  parts,  but  the  analyst  will  be 
obliged  to   divide  it  into  two,  and  give  the    inspector  one. 

/»A»  r%    ft?  \ 
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PART    ll.-INTRODUCTORY. 


A  DESCRIPTION  OF  A  FEW  SPECIAL  POEMS  OF 
APPAEATUS  USEFUL  IN  FOOD-ANALYSIS. 

{51.  As  stated  in  the  first  edition  of  this  work,  it  ia  no  pfttt 
tf  (he  author's  pUn  to  describe  the  elementary  apparatus  to  be 
loond  in  every  text-book,  and  to  be  seen  in  every  laboratory. 
Kotwithstanding,  it  will  be  convenient  here  to  give  a  brief 
HctiM  of  some  special  forms  of  apparatos  useful  in  food-analysis, 
vliich  are  not  figured  or  described  in  other  works. 


It  is  a  matter  of  some  moment  to  economise  alcoholic  and 
etlier«al  solvents,  and  it  is  always  advantageous 
t«  keep  a  laboratory  as  free  as  possible  from 
npootB  and  odour*.  Where  a  solid  has  to  be 
Kbwsted  by  ether  or  petroleum,  one  can  scarcely 
IHigiiie  anything  more  convenient  than  the  ap- 
|«ntDB  invented  by  Soxhiet,  and  proposed  by  him 
^  t^e  purpose  of  treating  milk  solids  with  ether, 
nt  in  point  of  &ct  widely  applicable.  It  consists 
oft  glass  tube  (fig.  I),  the  size  of  which  is  per- 
faUy  under  control,  and  may  be  made  very  large  ^ 
If  Tery  small,  according  to  individual  require- 
'Hnta.  For  the  purpose  of  milk  analysis  a 
'ifvdty  of  100  cc.  is  ample.  The  tube  is  quite 
'■'Hd  at  the  bottom,  A ;  the  volatile  vapours 
"Mid  through  the  tube  D,  and  are  condensed  in 
*"  Bpright  condenser  attached  to  A ;  the  liquid, 
''tfefore,  falls  drop  by  drop  on  to  the  substance 
**  A.  When  the  condensed  liquid  reaches  X, 
'^■yphon  Bfi  acts,  and  the  whole  of  the  liquid 
^""t  into  the  flask.  The  apparatus  works  quite 
•"•■atically,  and  scarcely  any  ether  is  lost,  how- 
"W  long  the  operation  may  last, 

QtOBuier  hw  modified  this  apparatus  for  small 
V»iitisietQSwabata33ces(Jig:2J.  i'isA  tube  drawnoutpipette-WYc* 


Fig.  I. 
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wlien  the  beiul  of  the  syphon  is  ret 
tuhe  is  at  once  em[)tied  of  the  sa 
and  the  process  commences  again. 

Another  method  is  as  follows  (see 
flask  with  a  wide  neck,  fit  a  small  short 

a  cork  that  will  go  ti 
the  neck  of  the  flask  ; 
notches  in  the  cork,  i 
figure.     The  ether  oi 
continually  drops  on  t< 
in  the  tube,  and  when 
runs  over  into  the  flas'. 
substance    is    at    len| 
Similarly,  anj  little 
be  suspended  from  the 
of  a  wire ;  or,  lastly,  a 
be   supported    from   t 
means  of  a  platinum  wii 
into  the  flask. 
In  the  Extraction 


Fig.  3. 


ether,  petroleum,  &c.,  the  author  has  found  th( 
paratus  absolutely  indispensable,  when  it  is  nece 
bj  this  means,  any  quantitative  estimations  (fig. 
of  any  dimensions  most  convenient  to  the  anal; 

blirAf.t.A   PI  wo   xsri}} 
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poadble  to  get  it  in  by  means  of  suction,  the  lower  end  of  the  tube 
U  disconnected,  and  the  S3rrup7  mass  worked  in  through  the 
wide  end*  When  the  ether  has  been  sucked  into  the  apparatus, 
it  is  emptied  of  mercury  by  lowering  the  reservoir,  and  then 
firmly  clamped  at  H,  and  the  stop- 
eo^  also  dosed.  The  tube  may  now 
he  shaken,  and  then  allowed  to  stand 

for  the  liquids  to  separate.     When 

there  is  a  good  line  of  demarcation, 

by  raising  the  reservoir  after  open- 
ing the  damp  and  stopcock,  the  whole 

of  the  light  solvent  can  be  run  out 

of  the  tube  into  a  flask  or  beaker, 

uid  recovered  by  distillation. 
For  heavy  solvents  (such  as  chloro- 

fonn),  which   sink  to  the  bottom, 

t  simple  burette  with  a  fine  exit 

tube  is  preferable ;  but  for  petro- 
leum  ether,    ordinary   ether,    drc, 

tbe  apparatus  figured  is  extremely 

Qseful. 
When   it   is   necessary  to  treat 

substances    in    open     dishes    with 

volatile  solvents,  the   author   uses 

tbe  following  apparatus  (see  fig.  5), 

whidi,   since    the    first   desciiption 

of   it    in    the     Chemical    3ocieii/8 

Joumaly*  is  to  be  found  in  most 

biboratories. 
The  prindple  of  the  arrangement 

is  simply  this,  that  it  converts  an 

ordinary  dish  into  a  closed  vessel, 

so  that  ether  and   volatile  liquids 

QUiy  be  boiled  without  loss ;  or,  on  the  other  hand,  a  volatile 

liquid  may  be  distilled  aud  recovered  with  as  much  ease  as  in 

<>peTating  with  a  retort. 
The  essential  part  of  the  apparatus  consists  of  a  cast-iron  body, 

^  externally  drum-shaped,  and  having  a  deep  groove,  A,  in 

^hich  a  little   mercury   or  other   "  sealing  liquid "   is   placed. 

Into  this  groove  fits  a  bell-jar,  B,  and  the  part  marked  D  is 

hoUowed  out  for  the  reception  of  a  dish.     The  size  of  the  dish  is 

<|nite  indiflferent ;  any  dish  will  do,  so  long  as  it  is  not  too  large 

*  A  new  and  simple  Apparatus  for  the  treatment  of  substances  in  o\yen 
2^^datile  MpJveDtg.    By  A,   Wynter  Blyth,  Journ.  Chem.   Soc, 


Fig.  4. 


1 
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c()iivoni(^iice  it  is  well  to  lia 
aj)|»:iratuses     in     a    laborator 
upright,  the  other  with  a  slai 
§  52.  Tlie  Spiral  Balance.— 
proposed  and  used  some  years  ago  by  Professor 
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been  modified  and  improred  by  Mr.  0.  F.  Cross,*  and  as  now  con- 
itmeied  is  a  cheap,  accurate  instrumenty  which  should  find  a  place 
in  every  laboratoiy,  since,  for  weights  up  to  three  or  four  grammes, 
iti  indications  are  rapid  and  independent  of  barometric  correction, 
inikort»the  ''absolute weight"  is  obtained.  Thespiral  is  suspended 
by  means  of  a  binding  screw,  a,  to  the  upright,  C,  sliding  freely 
up  tad  down  the  hollow  tripod  stand,  A.  The  height  of  this 
lUding  upright  is  adjustable  by  a  screw,  and  from  the  spiral  is 
■upended,  by  three  very  thin  platinum  wires,  a  mica  plate,  P ; 
tad  from  the  centre  of  this  again,  a  smooth,  thin,  metal  plate, 
which  is  immersed  in  water,  the  immersion  serving  to  steady 
the  whole  and  rapidly  bring  the  index  to  equilibrium  ;  an  opaque 
Slsas  bead  is  at  m,  and  there  is  a  millimetre  mirror  scale  on  A. 
The  bead  acts  as  an  index,  and  its  position  relative  to  the  scale  is 
iioertained  by  bringing  the  eye  to  that  level  which  makes  the 
l>eidf  m,  exactly  cover  its  image  on  the  scale.  To  make  an  obser- 
vation, the  bead  is  brought  either  to  the  zero  of  the  scale,  or  to  a 
point  sufficiently  high  to  allow  of  the  elongation  to  be  followed 
OQ  the  scale.  The  calculation  required,  whether  for  actual 
weight  or  for  the  specific  gravity  of  a  solid  or  liquid,  is  suffi- 
ciently evident  frt>m  the  following  examples  given  by  Professor 
Jolly  in  his  original  paper  : — 

(a.)  Determination  of  original  weight,  the  spiral  consisted  of 
36  turns  of  piano-wire.  No.  6 — 

Original  reading  of  m,     .  •      2'5 

Withaloadoflgrm.,    .  .374-^ 

With  the  object  to  be  weighed,       .  213*6 

The  absolute  weight  of  the  Utter  is,  ^^$"0^=0  5671 

*  374'7-2-5 

with  the  probable  error  in  the  fourth  place  of  decimals. 
(h.)  Determination  of  specific  gravity  of  a  solid — 

Original  reading  of  m,  ....  64*2 
liMed  with  a  crystal  placed  in  pan  P,  .  275*3 
Losded  with  a  crystal  placed  in  pan  S,     .    220*8 

Speci6c  gravity  =       Absolute  weight_^ 275  3 >  64-2^3.33^^ 
iicciucgi*    ^y     Loss  of  weight  in  water    275-3 -220-8 

^th  the  probable  error  in  the  second  place  of  decimals. 

When  the  specific  gravity  of  a  liquid  is  to  be  determined,  the 
^^fer  pan  S  is  removed,  and  replaced  by  a  small  cylinder  of 
im  of  about  1  cc.  capacity.  The  loss  of  weight  experienced  on 
"iboMrging  the  latter  beneath  the  Burftusea  of  the  respeotive 

'a  F.  Cnm,  C^em.  J^<fum,  Aug.  25,  1881. 


vacuum  by  tlie  Sprengel  pump,  however,  in  larg( 
llasks  is  a  most  tedious  operation,  and   as   a   t 
vacuum  working  with  a  Sprengel  would  become 
author,  therefore,  uses  the  same  instrument  wl] 
bj  the  Swan  Electric  Light  Company  to  exhau: 
the  thread  of  incandescent  carbon.      This  pu 
mercuiy  pump  of  Mr.    Lane  Fox— the    auth 
slightly,  and  with  these  modifications  it  is  now  a 
species  of  laboratory  work.     The  pump  (see  fi 
a  glass  tube,  AA,  with  a  large  b«lb,  £,  and  i 
in  which  a  ground  stopper,  F,  is  fitted,  and 
tight  by  a  little  mei*cury  in  C.     When  gas  ht 
F  is  replaced  by  the  apparatus  SS',  which  < 
walled  capillary  tubing,  having  either  India 
tubing  at  S',  with  a  clamp,  or  a  glass  stopcock 
tube,  G,  is  provided  with  a  glass  stopper-float, 
ately  into  X.     It  allows  air  or  gas  to  go  in  the 
arrows  only,  any  back  pressure  carrying  up  t 
floating  and  firmly  fixing  the  float  into  X. 
Z,  is  ground  a  stopper  of  angle  tubing,  with  wl 
it  is  intended  to  exhaust  is  connected.     To  w 
stopper  is  taken  out  of  C,  and  the  mercury  rese 
until  the  globe  is  filled  and  mercury  rises  into  C. 
the  stopper  is  inserted  and  the  reservoir  lower 

— ^-.-w^  i^  fVio  onnA.rA.tiis.  and  air- 
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mercury  retained  by  closing  the  stopcock.  When  the  combustion 
tabe  is  racaons,  the  beak  of  the  tube  is  inserted  under  the 
eadiometer  (or  whatever  special  gas  apparatus  the  analyst  has), 
tnd  the  combustion  tube  made  red-hot  in  the  lumal  way,  the  gas 
being  readily  pumped  out  and  delivered  into  the  eudiometer. 
The  purposes  to  wMch  such  an  instrument  are  applicable  are  so 
mry  various  as  to  render  it  absolutely  necessavy  in  all  labora- 
tories 


THE  MICROSCOPi;    THE   SPECTROSCOPE,  AND  THE  ART  OP 
PHOTOGRAPHY  AS  APPLIED  TO  THE  CHEMISTRY  OF  FOOD. 

i  M. — ^There  are  so  many  special  works  describing  the  micro- 
teope*  that  it  will  be  quite  unnecessary  to  burden  the  pages  of 
tkis  book  with  information  so  readily  accessible.  The  chemist, 
M  a  rule,  will  find  a  binocular  most  suitable  for  his  purpose,  for 
it  is  only  with  a  binocular  that  it  is  possible  to  have  a  really 
good  view  o£  crystals.  Besides,  the  instrument  is  so  readily 
con?erted  into  a  monocular,  that  it  possesses  the  advantages  of 
the  latter  combined  with  its  own.  For  certain  branches  of  re- 
learch,  and  more  especially  for  observing  reactions  under  the 
nucroscope,  the  inverted  microscope  of  Dr  L.  Smith,  of  Merton 
CoU^e  (or  those  of  similar  pattern),  by  which  the  ol^ect  glass  is 
placed  below  the  substance  to  be  examined,  has  this  advantage, 
that  it  is  possible  without  injury  to  the  instrument,  and  without 
heing  annoyed  by  acid  fumes,  to  treat  substances  under  observa- 
tion with  strong  acids,  even  at  a  boiling  temperature. 

The  analytical  student  will  require  to  familiarise  himself  with 
the  use  of  the  micrometer  and  the  polariscope.  The  most  suit- 
able micnmieter  for  the  measurement  of  starches  and  similar 
substances,  is  what  is  called  an  eyepiece  micrometer.  A  glass, 
^ed,  either  in  squares,  or  as  a  simple  scale,  is  placed  between 
the  eye  and  field  piece,  so  that  both  the  object  magnified  and 
^e  scale  are  seen  clearly  at  one  and  the  same  time.  In 
order  to  find  the  value  of  the  divisions  of  the  eye  micrometer,  it 
^  necessary,  in  the  first  place,  to  determine  them  by  noting  how 
^^^j  divisions  correspond  with  one  or  more  of  a  slip  of  ruled 
glasB  placed  on  the  stage,  and  containing  divisions  equalling  the 
hundj^tha  of  an  inch,  or  tmy  other  convenient  measurement. 

*  ^  last  edition  of  Dr.  Beale^s  work  on  the  microscope  gives  a  vas^ 
*8>ooiit  of  infomutr^A      See  also  Dr,  Carpenter's  treatise,  the  noi>\A«t 
^^ariOi  jMbesHo^,  Sa,  Ac  >  r  r 
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Suppose,  for  ezunple,  thkt  it  U  found  that  one-houdreth  of  an 
inch  on  the  stage  when  mesaured  bj  the  eyepiece  reqaited  18 
of  the  eyepiece  divisions,  then  it  is  obvious  that  eadi  ens  of  the 
divisions  is  ^  <'f  t^  *"'  T^im  "^  '^  inch  ;  therefore,  any  objoct 
that  measured,  say  four  divisions,  would  be  4  x  xTtnr  "  t^o>  "" 
would  measure  the  one  four  hundred  and  fiftieth  of  an  inch. 
There  is  another  method  of  measurement  which  ia  extremely 
accurate  and  applicable  to  all  cases ;  this  is,  to  take  a  midco- 
]>hotograph  of  the  subject,  and  to  photograph  a  glass  with  suitable 
ruled  divisions,  with  the  same  arrangementa  and  with  the  same 
powers ;  afterwards  a  measurement  with  ordinary  compasses  can, 
with  great  ease  and  convenience,  be  made. 

Chemical  reactions,  under  the  microaoope,  are  either  observed 
in  shallow  cells  ground  in  the  glass  slide  itself,  or  simply  on  the 
otdinary  flat  slide,  or,  as  ia  sometimes  convenient,  in  almost 
capillaiy  tubes  with  flattened  sides,  the  microscope  being  in  a 
horizontal  position.  Reactions,  as  a  rule,  should  be  observed 
with  only  a  moderate  magnifying  power.  It  is  quite  possible  to 
execute,  on  »  very  small  amount  of  material,  a  complete  qualita- 
tive analysis  on  the  stage  of  the  microscope,  mixing  with  drops 
of  the  solution  under  observation  droplets  of  the  ordinary  t<nt 
solutions,  such  as  sulphuretted  hydrogen  water,  ammonium 
sulphide,  ammonia,  oxalic  acid,  sodio  phosphate,  etc.  Dr.  Beale 
has  reoommeDded  glyceriue  to  be  used  instead  of  water  for  these 
reactions,  and  he  states  that  although  the  reactions  are  slower, 
yet  that  they  are  more  perfect.*  The  method  of  subliming 
alkaloids,  and  its  important  bearing  in  the  determination  of  the 
nature  of  suhstancea  in  tea  or  coffee,  is  described  in  the  article 
on  "Tea,"  together  with  the  microscopic  appearance  of  the  ash  of 
various  leaves,  and  the  method  of  obtaining  "skeleton  ashes." 

In  cutting  sections  of  seeds,  leaves,  &C.,  no  difficulty  is  ex- 
perienced when  they  are  in  the  entire  state,  nor  are  any  special 
instruments  required  save  a  sharp  razor,  for  with  a  little  practice 
sections  quite  as  fine  as  those  it  is  possible  to  cut  by  a  section- 
cutting  machine,  can  be  made  with  a  razor.  It  is,  however,  quite 
different  with  such  matters  as  te«  leaves  which  have  been  dried 
and  crumpled,  or  seeds  in  the  state  of  powder.  Here  consider- 
able difficulty  may  be  experienced,  and  it  ia  often  not  possible  to 
get  a  section  at  all  satisfactory  of  any  given  dark  microscopic 
particle.  The  author  has  had  tolerably  &ir  results  by  sprinkling 
opaque  powders  on  a  piece  of  smooth  wood,  and  embedding  the 
powders  in  a  tenacious  glue.  When  the  oement  has  set,  there  is  no 
difficulty  in  getting  sections.    Similarly,  the  known  processes  for 

*  "How  to  Work  with  the  Microscope."    LoDdon,  ISSa 
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tmbedding  Boft  sabetancea  answer  well  with  tea.  A  aimple 
■Hthod  ia  also  to  gum  the  leaf,  or  fragment  of  leaf,  on  to  a  Eolid 
nbatance,  and  then  horizontal  sections  can  be  obtained.  Some- 
tiaea  scraping  a  leaf  in  the  Bune  manner  as  when  a  blot  is  being 
oaaed  from  paper,  brings  awajr  very  beautiful  pieces  of  the 
cpidannis  and  stomata.  Sections  of  leaves  are  easily  obtained 
1^  placing  the  leaf  between  two  pieces  of  cork,  pressing  them 
nil  together,  and  then  cutting  the  finest  possible  layers  with  a 
Aarp  razor.  In  all  these  cases  the  razor  should  be  wet  with 
■om«  Aoid,  either  water  or  (which  is  for  the  moat  part  better) 
^joerine,  a  little  diluted.  The  section  floats  on  the  water,  and 
naj  be  transferred  to  a  dish  of  dilute  glycerine.  It  is  well  to 
eat  a  great  number  of  sections  in  this  way,  and  select  the  most 
tnosparcoit  from  the  dish  for  microscopio  examination.  The 
aothor's  new  method  of  observing  and  preparing  leaves  is 
dsMribed  in  the  article  on  "  Tea." 

f  S5.  Miero-SpectroKope. — The  micro«pectroscope  bids  &ir  to 
bceome  a  leading  instnunent  in  food-analysia,*  more  especially 
ance  the  introduction  of  so  many  artificial  colouring  materials. 
Tig.  8  shows  its  various  parts.     An  eyepleee  fits  into  the 


VVJion  all  is  properly  arranged    and    ilium* 
througli  the  lens  a   narrow   lino   of  light   is   : 
length  of  which  has  passed  through  an  object  } 
of  the  microscoi>e,  and  the  other  half  through 
on  the  side  stage  attached  to  the  eyepiece  o 
if  the  prism  has  been  properly  adjusted,  tl 
should  appear  perfectly  continuous,  without  i 
junction;  but  if  not  properly  adjusted  the  lin 
and  woiUd  then  give  false  results  if  the  spect 
together.     The  analysing  prism  is  compound, 
eyepiece  like  a  long  cap.     It  consists  of  two  n 
of  crown  glass,  and  two  others  with  angles  of  7 
which  gives  direct  vision. 

B  is  a  milled  head  adjusting  the  focus  of  the 
0  is  a  milled  head  for  adjusting  the  slit  verticall; 
the  breadth  of  the  slit;  D,D  are  springs  for  hoh 
E  is  for  the  purpose  of  regulating  the  slit  of  the 
F  is  the  position  of  the  field  lens  of  the  eyef 
which  fits  on  the  microscope.  The  prisms  giv( 
dispersion  which  is  admirably  fitted  for  the  pi 
this  instrument  is  applied,  and  is  in  itself  suffici 
absorption-bands  seen  in  coloured  solids  and  li 
not  so  great  as  to  spread  them  over  too  wide  a 
them  obscure,  as  is  the  case  when  the  dispersion 
the  light  which  passes  throncrh  fh^  f^T^^r>i^r, 
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regiatering,  and  the  whole  turns  of  the  micrometer  screw,  as  well 
u  fractional  parts,  can  be  read  off  at  the  same  time  by  inspection* 
The  instmment  may  also  be  used  for  opaque  as  well  as  trans- 
parent objects,  and  two  spectra  can  be  compared  at  the  same 
time  with  one  lamp.  Moreover,  the  spectrum  of  the  smallest 
object,  or  a  particular  part  of  any  object,  may  be  obtained  with- 
out difficulty.  Mr.  Sorby's  method  of  measurement  is  of  the 
ffloat  accurate  description.  He  uses  an  apparatus  giving  an  inter- 
ference spectrum,  divided  by  black  bands,  all  of  equal  optical 
Tilue.  The  apparatus  is  composed  of  two  Nicol's  prisms,  with 
tn  intervening  plate  of  quartz,  about  *043  inch  quick  thick,  cut 
purallel  to  the  principal  axis  of  the  crystal,  the  thickness  being 
10  adjusted  with  the  sodium  line  that  the  sodium  line  is  exactly 
tt  3*5,  counting  the  bands  from  the  red  end  towards  the  blue. 
He  makes  use  of  the  following  symbols  to  express  the;  intensity 
of  absorption  :— 


Kot  at  all  shaded. 

Very  alifhtly  shaded,  , 

Beaded^  shaded, 

More  shaded. 

Strongly  shaded,  but  so  that  a 

trace  of  colour  is  seen, 
Still  darker. 
Nearly  black, 


I 

Blank  space. 
•  Dots  wide  apart. 

•  •  Dots  closer. 

•  •  •  Dots  very  close. 


m  »   n 


Three  hyphens  close. 

—  Single  dash. 

—  Doable  dash. 


Definite  narrow  absorption-bands  are  indicated  by  *  printed  over 
their  centre.  It  is  assumed  that  there  is  a  gradual  shading  off 
from  one  tint  to  the  other,  unless  the  contrary  is  expressed, 
which  is  done  by  means  of  a  small  vertical  line,  as  in  the  follow- 
i]ig  example : — 

Nomud  chlorophyll  in  alcohol  (deep  green), 

J  — 2J...3i....44  6}. 74 

Nothing  could  be  more  accurate  than  Mr.  Sorby's  method 
of  measurement,  and  for  the  actual  worker  his  system  of  notation 
■^11  also  be  found  most  convenient.  For  the  purpose,  however, 
of  graphical  illustration,  "  Vogers"*  method  is  preferable,  and  it 
^  been  used  in  this  work  to  delineate  various  coloured  spectra. 
^«  system  may  be  at  once  understood  by  reference  to  the 
%rain  {^g.  12).  The  amount  of  absorption  is  shown  by  curves. 
Where  the  curve  is  highest,  there  the  band  is  blackest;  where  it  is 
^»est  or  absent,  the  least  absorption  is  present.  There  is  no 
<^oiibt  that  the  most  permanently  useful  way  to  express  spectra, 
^iether  absorption  or  spark,  would  be  by  wave  lengths.     Then, 

Vogel:  *^ Praiiii^eJie Spedral  Analy9e,^^    Noidlingen,  1%11. 
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at  the  top,  and  intersected  by  the  lines  giving  wave  lengths, 
and  then  detennining  the  exact  position  of  Fraonhofer's 
jines  on  the  scale,  and  marking  them  by  crosses  on  the  chart 
as  in  the  diagram,  and  lastly,  joining  the  points  in  a  uniform 
curve,  it  is  possible  to  get  very  simply  the  wave  lengths  of 
every  portion  of  the  scale.  The  more  uniform  the  curve,  the 
greater  the  number  of  lines  determined ;  and  the  larger  the 
chart,  the  more  accurate  are  the  values.  Supposing  the  centre 
of  an  absorption*band  to  be  at  10  on  the  scale :  on  referring  to 


v%.ia 


Fig.  11. 


tftji* 


the  diagram  the  curve  at  10  is  exactly  cut  by  the  horizontal 

line  660,  therafore^  the  wave  length  would  be  660,  and  so  on. 

It  will  be  neesasary  to  measure  in  all  cases  the  middle  of  the 

ibaorption-baiid,  or  the  middle  of  the  spark  line. 

}  56.  The  ordinafy  *'  spark  "  spectroscope  is  not  quite  so  useful 
^  the  food-aaalyit  as  the  micro-spectroscope  just  described.  It 
^  however,  probably  be  more  used  when  the  ash-constituents 
^  food  have  been  thoroughly  and  scientifically  worked  out.  A 
very  careful  seaarah  after  the  rarer  metals  and  elements  in  the  ash- 
^<^Bititaents  of  plants  would,  in  all  probability,  be  rewarded  with 
^  disooveiy  of-^if  not  new  elements — yet  of  the  wide  dispersion 
^the  elements  that  are  presumed  not  to  be  widely  disseminated. 
^0  ipeotroeeope  in  general  laboratory  use  has  only  been  applied 
to  the  diagnoeis  of  potash,  lithium,  copper,  barium,  strontium, 
^  a  few  other  flame  spectra  easily  obtained  without  the  aid  of 
^Icotricity;  bat  ^e  interesting  and  convenient  method  of  examina- 
^  iatrodueed  by  Leoocq  de  Boisboudran  has  made  spark  spectra 
^v«T  eaqr  to  be  obtained  bjr  any  one  who  has  a  battery,  sad  a 
Kduikc^  ooil  capable  of  gtving  a  good  spark,  that  there  ia  Ho 
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reason  why  an  examination  of  the  spatk  ipeotra  of  a  body  should 
not  become  the  dailj  matter-of-oonne  prooesi  in  all  laboratoriea^ 
and  not  be  restricted  to  pore  soientifio  inqnirj.  Boiabondxan's 
method  is  simply  to  pass  the  spark  through  a  solatioa  of  the 
substance  to  be  examined,  and  for  this  purpose  the  following 
apparatus  can  be  constructed  out  of  the  ordinary  appantua  of  the 
laboratory  (fig.  10). 

A  Woulfe's  bottle  is  fitted  with  two  ffood  India-rubber  oorka. 
In  the  one  a  stout  glass  rod  is  plaoed,  bent  at  risht  angles,. 
serving  as  a  support  for  a  glass  tube,  through  whida  the  wire 
of  the  negative  pole  projects ;  the  other  neck  carriea  a  little  test- 
tube  with  the  wire  g^  which  comes  up  through  the  oork,  and 
the  test-tube  supports  a  still  smaller  one,  capable  of  holding 
a  very  small  quantity  of  the  liquid  to  be  examined ;  the  wire 
is  fused  into  the  bottom  of  this  tube,  and  terminates  a  little 
below  the  mouth.  Over  the  wire  there  is  a  minute  tube,  some- 
what funnel-shaped  at  the  end,  which  prevents  the  spark  flying 
to  the  side  of  the  test-tube ;  in  the  larger  tube  tiiere  is  a  uttle 
mercury  to  ensure  contact.  One  effect  of  this  arrangement  is 
that  the  lower  pole  has  always  a  thin  film  of  the  liquid  over  its 
surface,  and  on  passing  the  current  the  spark  volatilises  the 
substances  in  solution,  and  their  characteristic  spectra  are  easily 
observed. 

There  are  methods  of  quantitative  spectrum  analysis  proposed 
by  Yierordt  and  others ;  but,  as  yet,  they  are  not  sufficiently 
practical  for  general  use,  and  the  subject  requires  fresh  develop- 
ments. 

§  57.  Photography, — The  introduction  of  dry  plates  and  the 
general  simplification  of  photography  wiU,  in  a  very  little  time» 
make  its  practice  general  in  all  the  larger  laboratories  for  pur- 
poses of  registration.  In  important  analyses,  likely  to  entail 
evidence  in  the  higher  courts  of  justice,  it  might  be  useful  (and 
will  always  be  possible)  to  photograph  certain  analytical  results. 

In  the  quantitative  determination  of  mixtures  of  starches,  a 
micro-photograph  of  the  mixed  starch  and  the  ''  imitation  "  mix- 
tures, renders  the  counting  of  the  number  of  starches  in  the  field 
a  very  easy  operation.  Similarly,  if  a  measurement  of  any  object 
be  required,  a  micro-photograph  having  been  taken,  and  next  a 
photograph  of  the  stage  micrometer  with  the  same  powers,  the 
object  may  be  measured  more  easily  than  in  the  ordinaiy  way. 
It  is  also  most  useful  for  the  analyst  to  have  by  him,  in  this  way 
a  series  of  "  picture  records  '*  for  reference.  Stein's  photographi' 
microscope,*  when  the  object  is  not  to  make  pretty  pictures,  no 

'  ^Da$  LiehtimDkMU  vnstenichqnUcher  Fanehung.    Von  Dr.  Th.  SUt 
Lapac,  1877. 
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to  wme  lof^  pofwen,  iS  excellent.   It  merely  consLsts  (see  fig.  1  i  )  oC 

a  eoMJct]  tube,  turned  out  of  boxwood,  and  &stened  on  to  the 

isicroseope  tube  by  means  of  a  screw,  A.     Combined  with  this 

fannel  t«be  is  a  wooden  tray,  in  which  the  frame,  ^dyf,g,  easily 

slides  backwards  and  forwards.     Thin  panes  of  glass  are  let  in 

the  cassette  into  this  frame.    Whilst  the  image  is  being  adjusted, 

the  thin  glass,  ^  d,  stands  over  the  tube,  and  the  prepared  plate 

is  put  onder  the  little  cover  at  §,  /.     If  the  picture  is  well  defined, 

the  frame,  «,  (£,  ^  /,  is  pushed  into  the  tray,  so  that  the  part,  ^,  /, 

can  stand  over  the  microscope  tube,  and  by  a  simple  arrangement 

the  photographic  plate  can  be  exposed.     Direct  sunshine  will,  in 

most  cases,  be  necessary,  and  the  rays  should  be  transmitted 

through  a  cell  contuning  the  ammonia-sulphate  of  copper. 

If^  however,  it  is  desired  to  photograph  with  high  powers,  the 

plan  recommended  and  employed  by  Dr.  Woodward,  of  the  Army 

Medical  Museum,  Washington,  is  perhaps  the  best.     The  camera 

box  and  table  fvre  both  dispensed  with,  and  the  operating  room 

itself  is  converted  into  a  camera.     A  room  is  selected  having  a 

toathem  aspect;  the  window  is  provided  with  shutters  on  the 

inside  to  exclude  light,  sufficient  being  admitted  through  one  or  two 

yellow  panes  to  enable  the  operator  to  move  about  freely;  a  small 

jellow  pane  is  also  let  into  one  of  the  window-shutters  to  enable 

the  operator  to  watch  the  face  of  the  sky.     The  microscope  is 

placed  horisontally,  and  a  heliostat  outside  the  window  throws 

the  direct  rays  of  the  sun  on  to  the  murror.     The  frame  of  the 

plate-holder  runs  on  an  iron  track,  ten  feet  long,  and  laid  on  the 

JUkmt  at  right  angles  to  the  plane  of  the  window.    There  are  most 

ingeiiious  arrangements  for  working,  although  at  a  distance,  the 

fiae  adjustment  of  the  microscope;  the  snn's  rays  pass  through  a 

•olniion  of  the  ammonia-salphate  of  copper.*     The  fixing  of  the 

picture  upon  the  plates,  the  method  of  printing  from  the  nega- 

ti^  &Cj  are  all  extremely  simple  operations  (especially  to  those 

fceostomed  to  chemical  manipulations),  and  are  well  described 

^  stiadard  treatises  on  photography. 

f  5S.  Colour. — It  will  often  be  necessary  to  ascertain  the  exact 
^<^l^(Niring-matter  used  to  make  articles  of  food  attractive,  more 
^^i6oUlIy  confectionery,  jellies,  pickles,  &c.  The  question  will 
pBttiUy  resolve  itself  into  deciding  as  to  whether  the  colour  is 
^*>ttl6»  er  possenous,  and,  if  the  letter,  whether  the  P^^^  ^  ^^ 
'^^Sciettt  quantity  to  injure  the  consumer's  health.  The  poison- 
^  eolooring-matters  are  those  containing  lead,  copper,  arsenic, 
^^ivoMniy  »d  sine,  all  of  mineral  origin;  together  with  a  few 


*  lU  wk*U  anaBgeaieiit  it  3gorgd  sad  deBoribtd  in  Dr.  BedeV  wo^  on 
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injurious  organic  oolovring  substances^  such  as  gamboge  and 
picric  acid.  The  non-poisonous  colounng-niattOTS  are  the  various 
siDiline  colours,  so  long  eta  the^  or*  /mre,  a/nd  contam  no  arwemc — 
safTron,  turmeric,  annatto^  chlorophyll,  and  generally  (with  some 
exceptions)  all  organic  colours  obtained  from  the  vegetable  and 
animal  kingdoms. 

The  first  thing  for  the  analyst  to  ascertain  is  whether  the 
colouring  material  is  insoluble  or  soluble  in  water,  for,  as  a  rnle^ 
with  the  exception  of  gamboge,  the  harmless  colours  are  soluble, 
while  the  mineral  are  insoluble  in  water.  The  organic  colours 
are  also  bleached  by  a  solution  of  hypochlorite  of  soda.  The 
aniline  colours  are  soluble  in  alcohoL 

The  search  for  poisonous  matters  more  properly  belonos  to>  and 
is  treated  of,  in  the  second  volume  of  this  work.  With  the  ex- 
ception of  salts  of  lead  and  copper  in  small  quantities,  they  are 
rarely  met  with  in  food,  and  even  in  the  matter  of  confocticMiery, 
of  late  years,  there  has  been  a  great  improvement.  As  a  rule, 
sweetmeats  in  England  are  not  coloured  with  injurious  matters.^ 

The  analyst  having  settled  that  the  colouring-matter  is  one  of 
organic  origin,  by  its  being  bleached  by  sodic-hypochlorite,  and 
by  its  solubility  in  water  or  alcohol,  will  next  ])roceed  to  study 
its  spectroscopic  diaracters,  either  by  using  a  pocket  S{>ectroscope, 
or  the  micro-spectroscope  already  described. 

Mr.  Sorby  makes  use  for  his  instrument  of  little  cells,  cut 
from  barometer  tubing.  They  are  half-au-inch  long,  and  with  an 
external  diameter  of  somewhat  under  half-an-inch ;  they  are 
ground  fiat  at  each  end,  and  cemented  with  Canada  balsam  near 
one  edge  of  a  glass  plate,  so  that  they  may  be  examined  sideways 
or  endwaya  In  examining  an  unknown  colouring-matter,  he 
adopts  the  following  divisions : — 

1.  Soluble  in  water,  and  not  precipitated  by  alcohol. 

2.  Soluble  in  water,  but  precipitated  by  alcohol. 

3.  Insoluble  in  water,  but  soluble  in  alcohol. 

*  This  is  the  more  necessary  to  state  clearly,  since,  on  the  Continent,  very 
erroneous  ideas  prevail.  Thus,  in  the  Dictionnaire  des  Alterations  et  FcUsi/ka- 
(ionSf  par  M.  A.  Chevallier  et  M.  Fr.  Baudrimont,  Paris,  1878,  the  adolterm- 
tions  of  half  a  century  ago  are  enumerated ;  aud  the  reader  is  informed  that 
the  English  confectioners  not  only  falsify  their  sweetmeats  with  plaster,  lime, 
starch,  l)aryta,  but  frequently  employ  bronze  powder,  the  leaf  foil  of  copper, 
tin,  and  carbonate  and  arsenite  of  copper,  verdigris,  cbromate  of  lead,  red 
lead,  and  vermilion ;  and,  further,  that  nearly  all  the  ginger  lozenges  con- 
tain lead.  Similarly,  in  Dr.  Hermann  Klencke's  Lexicon  iter  VerJSfsehunffen, 
in  the  article,  **  Conditorwaaren"  it  is  stated  that  almost  all  the  E^gliah 
confectionery  contains  lead  salts,  often  to  the  extent  of  one  and  a-half  per 
cent!!  All  this  is  nonsense.  Such  adulterations  have  been  found,  it  i* 
true;  bttt  i>ff»A^  of  being  common,  the^  «x«  x«x«  «Ad  ^xce^tionaL 
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4.  Inoolable  in  water  and  alcohol. 

He  next  sabdivides  his  main  divisions  according  to  the  action 
of  bisulphite  of  soda. 

The  organic  colouring-matters  most  likely  to  be  found  may 
be  treated  of  in  the  order  of  the  spectrum,  beginning  with  the 
red. 

{  59.  Beds. — ^The  common  reds  are — cochineal,  aniline  reds, 
alkanet,  and  the  madder-colours  alisMirine  and  purpurine. 

Cochineal. — Cochineal  is  a  red  complex  colouring  -  matter, 
secreted  by  certain  species  of  a  peculiar  family  of  insects  feeding 
<m  the  Cactus  eocdndlifera,  C.  apurUuiy  C.  tunia,  C.  pereskia. 
The  chief  oolouring-matter  of  cochineal  is  "  carminic  cLcid,*^  the 
{bnnula  of  which  appears  to  be  CiyH^gOj^  By  the  action  of 
dilute  adds  carminic  acid  splits  up  into  sugar,  and  a  beautiful 
colour  known  as  earmine^ed^  thus — 

Oftrmteie  add.      Water.      Cannlii»-red.       Olncoae. 
CiTHwOit  +  2H,0  =  CiiHisOr  +  C«HioOj. 

Cochineal  imparts  its  colouring-matters  both  to  alcohol  and 
water,  and  is  precipitated  by  acetate  of  lead,  carminate  of  lead 
being  one  of  the  constituent  parts  of  the  precipitate.  The  solu- 
tions of  cochineal  are  purplish-red  to  crimson,  turning  a  more  or 
less  rich  violet-purple,  with  alkalies  becoming  of  a  yellow  colour 
<Hi  the  addition  of  acids.  The  colour  is  well  known  to  chemists, 
u  it  is  much  used  as  an  indicator  for  acids,  being  especially  use- 
Ail  in  titrating  an  alkaline  liquid  containing  carbonates,  since 
ctnninic  acid  is  not  affected  by  carbon  dioxide  like  so  many  other 
oolooring-matters. 

Cochineal  in  neutral  solutions  gives  absorption-bands,  but  not 
yery  definite  when  examined  by  the  spectroscope ;  if,  however, 
it  be  made  ammoniacal,  then  there  are  bands  which  differ  in 
position  only  slightly  from  the  absorption-bands  of  blood. 

^0.  IS  (fig.  12)  is  a  graphical  illustration  of  the  spectrum  of 
codiineal  in  water;  No.  19,  in  alcohol ;  and  No.  20,  on  the  addition 
^  nitric  add  (a. )  or  NH,  (6.).     If  alum  is  added  to  cochineal  it 
i      loses  its  power  of  turning  yellow  with  acids,  and  the  purpurine 
I      ^  becomes  so  broad  that  the  two  bands  almost  run  into  each 
\     other.    On  addition  of  acetic  acid  they  are  separated,  and  appear 
^  tolerably  sharply-defined  bands  between  D  and  £,  and  there 
i<  taoiher  at  D. 
I         On  dissolving  cochineal  with  alum  solution,  a  lake  is  obtained  ; 
^      Oil  dissolving  tibis  in  tartaric  acid,  or  dilute  nitric  acid,  the  Bo\\x- 
^  gives  a  band  &t  B  and  E,  and  another  close  on  D.    T\ie 
^ii\xicMddaoJutioa  gives  a  spectrum  very  similar  to  blood. 


EXPLANATIOK  OF  FIG.  12.  85 

Xo.    1.  A  diigrainmatio  repretentetioii  of  the  bands  of  No.  2. 

2.  Abcorpiion  Bpectrm  of  dear  blue  cobalt  glass. 

3.  Absorption  spectra  of  dark  blae  cobalt  glass. 

4.  Diagrammatic  representation  of  No.  3. 
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„     5.  Alcoholic  sdntion  of  alisarine. 

»,     8.  Alcoholic  solution  of  alizarine  made  alkaline  with  ammonia. 
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7.  AqaeoDa  ammoniacal  solution  of  alizarine. 

S.  Alcoholic  sdntion  of  alizarine  made  alkaline  by  potash. 

9.  Sulphoranthraqninone  in  alcoholic  solution  alkalised  by  potash. 
„    IQl  Aqneons  sdntion  of  snlphoranthraqninone  made  alkaline  by  potash. 
„   11.  Alodidio  sdntion  of  poiparine. 
,,   12.  The  same  alkalised  by  ammonia. 
„   I3L  Tbm  same  alkalised  by  potash. 
.,   li.  Anontnlsolnticm  ofalizarinamid. 
M   IS.  An  ammoniacal  solution  of  alizarinamid. 
t»  I&  A  neatnl  solution  of  pnrpnrimtmid. 

17»  Hm  sum  alkalised  by  bnryta. 

18L  Ab  aqneoiis  solution  of  cochineal 

19.  A  dilate  alcoholic  solution  of  cochineal. 
••  20l  Cpchineal  in  concentrated  watery  solution  with  (a.)  nitric  acid, 

(A.)  ammoniiL 
f  21.  Logwood,  (a.)  concentrated  watery  solution,  (h.)  dilute. 
•  22.  The  MOM  witii  the  addition  of  nitric  acid. 

.    •    •    Hie  same  alkalised  by  ammonia. 
'•  SSL  A  doooetion  of  brazil-wood. 
••  2L  TTio  iome  alkalised  by  ammonia. 
H  2S,  litmna^  (a.)  concentrated,  (6.)  dilute, 
•t  21  Tho  some  made  acid,  (a.)  concentrated,  (6.)  dilute. 
•I  27.  Dibitoadationof  fhchsine. 
M  tt.  Aloobdio  sdntion  of  coralline. 

••  29.  Aloobdio  solution  of  eosin,  (a.)  concentrated,  (6.)  dilute. 
••  SQL  Sofraniney  (a.)  concentrated,  (6.)  dilute. 
••  31.  Kaphthaline  red,  (a)  concentrated,  (6.)  dilute. 
>i  38.  Cnrcnma,  (a.)  concentrated,  (6)  dilute,  (c.)  strongly  diluted, 
•t  SSL  Flnorsioeine,  (a)  somewhat  concentrated,  (6.)  dilute. 
•I  34.  Foaftio  extract. 

35.  Fnah  chlorophyll  in  alcoholic  solution. 

36.  Old  chlorophyll  sdntion. 

37.  Wine  ooburing-matter,  (I.)  pure,  (IL)  diluted. 

38.  Wine  colouring-nuitter  +  NH^ 

39.  (L)  Mallow  cdouring-matter  concentrated,  (II.)  Elderberry  con- 
centrated. 

40.  Acid  dierry  :—(&.)  Acid  cherry,  with  addition  of  tanniu. 

.,   41.  Malknroi&wn^-iQsMsr,  Wz^^e  addition  of  alum. 
„    4S.  lodigo  BoJutioa, 
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fuchsine  be  dissolved  in  water,  aloohol,  or  ether.  Diluted  acids 
have  no  effect  on  the  absorption.  It  is  distingoished  from  coral- 
line, which  gives  a  very  similar  speotrom  (see  Na  28)  by  the 
yellow  colour  with  adds  already  mentioned. 

Safrcmine  dissolves  in  alcohol  with  a  fine  rose-red  colonr,  with 
a  weak  red  fluorescence:  Its  spectrum  is  shown  in  Na  30 
{a,  concentrated  solution,  b,  dilute);  it  is  like  that  of  eosin 
(No.  29),  but  the  spectrum  of  eosin  is  changed  by  nitric  acid, 
that  of  safranine  is  unchanged.  From  a  solutioik  containing 
safranine,  safranine  may  be  extracted  by  shaking  ii  up  with 
its  own  volume  of  amyl-alcohol  in  the  tube  already  described, 
page  69. 

The  spectrum  of  naphthaline-red  is  figured  No»  31.  Of  these 
red  colours  the  most  likely  to  be  found  as  a  colouring  of  vegetable 
juices,  &c,  is  fuchsine. 

CorcUline,  obtained  by  treating  phenol  with  sulphuric  and 
oxalic  acids,  and  crystallised  from  alcoholic  solution,  forms  fila- 
mentous, interlacing,  and  lustrous  scarlet  crystals  >  or  if  crystal- 
lised from  acetic  acid,  it  then  forms  magenta-coloured  rhombic 
crystals.  The  crystals  are  red  by  transmitted,  and  dark-green 
by  reflected  light;  on  rubbing  they  become  strongly  electric; 
they  are  insoluble  in  carbon  disulphide,  soluble  in  phenol,  and  to 
some  degree  in  boiling  chloroform  and  boiling  benzine.  The 
melting  point  of  the  crystals  is  150^ 

Alkanet,  the  root  of  Anchusa  tinctorial  contains  a  red  colour- 
ing-matter, insoluble  in  water,  but  soluble  in  alkalies,  alcohol, 
ether,  and  fatty  oils.  The  colouring-matter  appears  to  be  an 
acid,  anchusic  acid,  Cg^H^Og .  In  dilute  solutions  the  spectrum 
shows  three  absorption-bands ;  on  the  addition  of  a  trace  of  a 
magnesium  salt,  a  fourth  absorption-band  appears,  hence  alkanet- 
red  is  a  test  for  magnesium  salts,  and  conversely  a  magnesium 
salt  is  a  test  for  alkanet-red.*  It  may  not  unfrequently  be  found 
as  the  colou ling-matters  of  tooth  tinctures,  hair  oil,  &c. 

Madder. — The  root  of  the  madder,  JRubia  tinctorium^  contains 
two  colouring-matters — alizarine  and  purpurine — with  others 
less  studied. 

Alizarin,  C^^HgO^,  crystallises  from  an  alcoholic  solution  iu 
yellowish-red  crystals,  and  may  be  sublimed  as  brilliant  red 
needles  at  tem{>eratures  a  little  above  100°.  The  needles  are 
sparingly  soluble  in  water,  but  dissolve  freely  in  alcohol  and 
ether.     Alizarine  is  now  made  artificially  on  a  large  scale.     The 

*  Magneflium  salts  also  alter  more  or  less  characteristically  the  spectnim 
of  juice  of  elder  berries,  the  coloariii||;-matteTs  of  the  beet,  cuddia,  dragon^i 
moutb,  hone  chestnut,  hyacinth,  violet,  rhododendron,  purple  aster,  and 
pnmula/armo9a.    Berichl  <kr  DeutscK.  GeseUKKofl,  xm.^  766-768. 
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alcoholic  solution  of  artificial  alizarine  shows  no  bands,  but 
there  is  extinction  of  the  violet  up  to  the  green  (see  No.  5).  On 
the  addition  of  ammonia  the  solution  changes  to  a  beautiful  red, 
with  weak  bands  in  the  green  (No.  6) ;  the  aqueous  aiumoniacal 
aoluUon  gives  two  bands  (No.  7);  the  alcoholic  solution  made 
alkaline  with  potash  gives  evidence  of  a  third  feeble  band  (No.  8). 
Natural  alizarine  is  not  now  much  used,  but  it  may  be  at  once 
distinguished  from  the  artificial  by  its  giving  absorption-bands  iu 
an  alcoholic  solution. 

Alizarine  may  be  also  distinguished  by  chemical  tests :  copper 
acetate  added  to  a  solution  in  alcohol  gives  a  purple  precipitate, 
aluminium  acetate  gives  a  red  precipitate  in  an  alkaline  solu- 
tion, and  ferrous  acetate  and  other  iron  salts  give  a  dark  blue 
violet  precipitate.  Blue  precipitates  are  also  formed  on  the  addi- 
tion of  either  barium  chloride  or  calcium  chloride  to  alkaline 
solutions.  These  precipitates  have  respectively  the  composition 
C^^H^O^Ba  and  C,. H^O^Ca. 

Furpurine,  C^Jd^O^^  crystallising  from  an  alcoholic  solution 
in  yellow  needles,  and  subliming  like  alizarine  in  red  needles, 
dissolves  in  alkalies  with  a  dark  red  colour ;  it  gives  not  blue 
bat  purple  precipitates  with  the  chloride-s  of  calcium  or  barium. 
The  alcoholic  solution  gives  (see  No.  11)  w-eak  absorption-bands 
at  F  and  at  B£.  The  spectrum  on  the  addition  of  ammonia  or 
potash  becomes  very  characteristic  (see  Nos.  12  and  13). 

Safflower. — The  safflower,  Carthamus  tinctorius,  contains  in  its 
^talis  sevenal  colouring-matters,  chief  among  which  is  carthamine 
w  carthamic  acid,  Cj^ELj^O^ .  Carthamine  turns  red  in  alkaline 
tolutions,  and  may  be  precipitated  red  by  an  acid.  It  is  met 
^th  usually  as  a  delicate  pink  or  red  dye,  and  forms  the  usual 
eolouring-matter  of  rouge. 

Logwood  contains  a  colouring  -  matter  named  hmmatoxi/lin, 
Ci^Hj^Q^  +  dHjO,  crystallising  from  water  in  yellow  prisms  ; 
this  changes  by  the  action  of  the  air  and  ammonia  into  a  red 
or  purple  substance  named  luBmatein^  (^i6^is^6)s^'  ^^  ™^^ 
also  be  produced  by  adding  nitric  acid  to  an  ethereal  solution  of 
hsmatozylin.  Hasmatein  always  exists  in  the  free  state  in  the 
wood,  and  an  alcoholic  tincture  gives  the  reaction  of  heemateiu. 
The  spectrum  of  the  logwood  colouring-matters  is  delineated  in 
Nos.  21^  22,  and  23.  Alkalies  turn  the  tincture  first  red,  and  then 
violet.  The  best  test,  however,  is  the  addition  of  an  aluminous 
salt  to  an  ammoniacal  tincture  of  logwood,  the  result  being  the 
ftMrmation  of  an  abundant  bluish  violet  precipitate.  This  reaction 
is  made  use  of  in  the  testing  of  bread  for  alum. 

Bnudl-wood,  aapan-wood^  lima-waod,  peach-wood,  and  some 
etheraiy  jieJd  Mglucaside,  which  splita  up  into  sugar  and  brosUine, 
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O^Hj^Oy.  Alkftlie*  tnim  biwilme  a  crimaoii  «ol6«ir,  mmL  the 
crimson  solution  gireablMiuali  yiolet  preaptkiiea,  with  alvminium 
Mnd  stannic  salts.  It  ia  oxidiaed  slowly  in  tbe  air,  or  rapidly  by 
the  action  of  nitrie  add  into  a  red  erystaUine  body,,  brmmlein^ 
(CgsHipQ^)^.  The  qpeetram  of  bnudl*wood  etztraot  im  eolation 
itt  delineated  in  Noa.  23i  and  24. 

There  is  also  a  red  colonring-Biatter  yirided  by  the  aantal 
wood,  named  ^^Mmla/ta,"  aiftd  oocnrrii^  ia  mioroaoopie  ted 
crystals  insoluble  in  water,  but  diaaolTing  in  aloohol,  with  a  red 
colour,  turning  to  Tiolet  on  the  addition  of  alkaliea 

§  60.  Orarok  akd  Txllow The  moat  eonuaon  evaagea  and 

yellows  are  the  annatto  eoloura :  carottm%  piorie  acid,  fnatio, 
rhrysophanic  acid,  gamboge,  aniline  orange^  and  aapbtkaline 
yellow. 

The  Armatto  CoUwn, — ^The  colouring-mattefa  of  the  annatto 
are  two  subetances,  one  a  yellow,  otiftftn;  another  a  cinnabar 
red  substance,  hixin.  The  latter  is  described  in  the  article 
»n  <<  Annatto."  The  annatto  colouring-mattera  are  not  sc^uble 
iu  water,  but  are  easily  dissolyed  by  alc(4)oL  The  alcoholic 
solution  is  orange  red,  and  non-fluorescent.  On  the  addition 
of  nitric  acid  it  becomes  turbid.  On  dilutimd  with  water,  there 
is  a  strong  fln(M*escence,  and  it  becomes  yellow-green.  It  then 
absorbs,  like  ferric  chloride,  the  whole  left  side  of  the  spectrum 
K,  and  half  to  D. 

Turtneric  is  the  root  of  Curcwna  langa.  The  colouring-matter 
is  curcumirij  C^Hj^Og,  insoluble  in  cold  water,  and  sparingly 
Holuble  in  boiling  water.  It  is  rery  soluble  in  alcohol,  and  forms 
brilliant  yellow  crystals.  Turmeric  moistened  with  boiic  acid 
and  dried  assumes  an  orange  colour,  changed  by  alkalies  into  a 
blue ;  this  is  due  to  the  formation  of  a  compound  soluble  in 
alcohol,  forming  a  red  solution,  and  crystallising  in  lustrous 
green  crystals,  to  which  the  name  of  rosocycmin  has  been  given. 
No.  32  shows  the  spectroscopic  api)earances  of  curcnmin. 

Picric  Acid  (Ofiji^i)^^0\  also  called  carbazoHe  acid  and 
triniiraphenolj  is  formed  commercially  by  acting  on  phenol,  by 
diosolving  it  in  sulphuric  acid,  and  then  treating  the  solution 
with  nitric  acid.  It  crystallises  from  hot  water  in  yellow  plates, 
having  a  very  bitter  taste.  The  salts  are  explosive.  It  ia  taken 
lip  from  acid  watery  solutions  by  petroleum-ether,  ether,  or 
benzine,  and  hence  can  be  readily  obtained  pure  enough  for 
examination. 

Picric  acid  is  not  precipitated  by  acetate  of  lead.     The  chief 
i^hemical    test  is  the    production   of   isopurpurate  of   potash, 
whiob  ia  the  result  of  adding  cyanide  of  potash,  and  gently 
wmrming. 
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The  reaction  is  represented  as  follows  : — 

CtHsCNOtO + 3CNK + 2H,0 = OANsO.K + CO,K, + NH,. 

Isofmrpurate  of  potash  is  of  a  blood-red  ooloar. 

F^utk  is  the  general  name  for  yellow  colours  found  in  the 
wood  of  the  Moru$  tinetoria. 

The  wood  contains  two  distinct  colouring-matters;  the  one, 
nariiannie  add^  Cj^Hj^O^  +  HjO,  soluble  in  hot  water,  and  form- 
ing yellow  crystals ;  the  other,  moriney  O^fifi^  is  but  sparingly 
•olable  in  water ;  crystallised  from  alcohol  the  substance  forms 
yellow  needles.  Both  give  yellow  precipitates  with  acetate  of 
lead.  The  spectroscopic  appearances  of  fustic  are  shown  in  No. 
34  (a.)  in  concentrated,  (6.)  in  dilute  solution. 

Ckrymtphamc  Acidf  C^Jt^fi^  appears  to  be  dioxymethylan- 
thraquinone.  It  is  contained  in  the  rhubarb  and  wall  lichen 
{Parmdia  parieiina).  In  commerce  it  is  in  the  form  of  six-sided 
tabular  crystals,  of  a  pale  to  an  orauge-yellow  colour.  It  is 
Tery  readily  extracted  from  rhubarb  which  has  been  pre- 
Tiously  macerated  in  water,  pressed,  and  dried,  by  digesting  the 
rhubarb  in  benzine.  The  crystals  are  soluble  in  ether,  oil  of 
turpentine,  coal-naphtha,  benzine^  and  other  hydrocarbons. 

The  spectrum  of  chrysc^hanic  acid  is  very  similar  to  that  of 
natural  alizarine.  Solutions  of  chrysophanic  acid  give,  with 
alkalies,  a  rich  purple  colour.  An  ammoniacal  solution  of  chry- 
sophanic acid  yields,  with  alum,  a  beautiful  rose-coloured  preci- 
pitate. An  alcoholic  solution  of  subacetate  of  lead  gives,  in  the 
alcobolic  solution,  a  red-white  precipitate.  Chrysophanic  acid, 
on  being  oxidised  with  nitric  acid,  yields  methylanthraquinone, 

(Jafnboge. — This  is  a  colouring-^natter  derived  from  the  Garcitiia 
morelia,  var.  pedicellata.  It  is  a  gum  resin,  to  which  the  formula 
of  Cj^Hj^O^  has  been  ascribed.  It  is  very  insoluble  in  water,  but 
soluble  in  alcohol. 

In  order  to  detect  it  in  sweetmeats,  to  which  it  has  occasionally 
been  added,  the  yellow  colouring-matter  is  dissolved  in  alcohol, 
and  precipitated  by  water,  a  reaction  at  once  showing  that  it  is 
of  a  resinous  nature.  The  precipitate,  if  gamboge,  will  give  a 
red  colour  with  an  alkali.  It  is  without  doubt  a  poison- 
ous colour,  but  the  question  of  quantity  must  be  considered. 
•Sixty  grains  has  caused  death,  and  five  grains  is  a  medicinal 
doze  ;  and  since  some  persons,  especially  children,  are  peculiarly 
susceptible  to  the  action  of  medicines,  even  quantities  so  small 
as  a  third  of  a  grain  in  a  couple  of  oimcea  of  sweets,  aboxxld  \>^ 
considered  as  having poaaibly  &n  injuriouB  action. 
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The  aniline  ydlawt  and  €rtm^  may  be  distingaished  from  the 
colours  just  described  by  the  tests  described  in  the  general 
scheme  at  page  93. 

§  61.  The  Greens — are  chlorophyll  and  the  aniline  greens. 

CfUorophyU^  the  green  oolouring-matter  of  plants.  It  would 
appear  that  it  is  now  possible  to  separate  chlorophyll  in  a  crystal- 
line state.  The  merit  of  this  discovery  belongs  to  A.  Gkiutier, 
who  crystallised  chlorophyll  in  1877,*  and  two  years  afterwards 
Hoppe-Seyler,t  without  knowing  of  Qaatier's  paper,  described 
the  same  substance  under  the  name  of  chlorophyllone.  €kiutier*s 
method  is  as  follows : — The  leaves  are  pounded  in  a  mcMrtar,  and 
sodic  carbonate  added  in  quantity  nearly  sufficient  to  neutralise 
the  acid  juices,  and  the  product  strongly  prossed.  The  maro  is 
then  exhausted  at  55^,  and  again  strongly  pressed ;  to  the  ex- 
hausted substance  alcohol  is  added,  and  tiie  whole  digested  at 
83° ;  chlorophyll,  wax,  pigments,  &t,  and  other  matters  dissolve. 
The  liquid  is  filtered  and  digested  with  coarse  animal  charcoal, 
which  has  been  previously  washed.  At  the  end  of  four  or  five 
days  it  has  lost  its  green  colour,  and  becomes  yellowish-  or 
brownish-green.  The  charcoal  retains  the  chlorophyll,  and  is 
now  washed  with  alcohol  at  65®  ;  the  latter  removes  a  yellow 
crystallisable  substance  generally  accompanying  chlorophyll,  and 
intimately  allied  to  it  in  composition. 

From  the  animal  black  thus  freed  from  the  yellow  substance, 
chlorophyll  may  be  extracted  by  anhydrous  ether,  or  very  light 
petroleum  ether.  A  slow  evaporation  in  the  dark  will  yield  it  in 
crystals.  Thus  obtained,  chlorophyll  forms  flat,  often  radiating 
crystals,  which  may  be  more  than  a  centimetre  in  length,  soft  in 
consistence,  and  of  an  intense  green  colour  when  recent,  but  slowly 
changing  to  yellowish-green,  or  greenish-brown.  If  the  crystalli- 
sation is  too  rapid,  these  long  crystals  are  not  obtained,  but  green 
masses  composed  of  microscopical  crystals,  belonging  to  the 
rhombohedral  system. 

Diffused  light  changes  chlorophyll  to  yellowish-green,  and  ulti- 
mately decolourises  it  The  crystals  dissolve  in  ether,  chloro- 
form, petroleum,  carbon  disulphide,  and  benzine.  Digested  with 
hydrochloric  acid,  chlorophyll  splits  up  into  two  new  substances, 
one  giving  a  beautiful  blue  solution,  the  other  remaining  insoluble, 
but  dissolving  with  a  brown  colour  in  hot  ether  and  alcohol,  from 
which  it  appears  inclined  to  crystallise.  Fremy,  who  was  the  first 
to  notice  this  splitting-up  of  chlorophyll,  called  the  first  substance 
phyllocyanine,  and  the  last  phylloxanthine. 

*  Bulletin  de  la  sodiU  chem.    T.  xxviii.,  1877,  p.  147.     CompUs  rmdui, 
Jjondx,,  p.  861. 
f  AfiM  der  JkuUehen  Chem.  QueUMhafi,  \m^ 
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The  ultimate  analyses  of  chlorophyll  by  Hoppe-Seyler  and 
Gautier  agree  fairly  well^  especially  as  Hoppe-Seyler's  chlorophyll 
being  derived  from  monocotyledonous  and  Gautier's  from  dico- 
tyledonous plants,  it  is  possible  there  may  be  some  slight 
difference  in  their  composition.  Chlorophyll  has  not  yet  been 
obtained  free  from  aah. 


CwboD,     • 

HopM-Seyler. 

GMtier. 

73-77 

Hydrogen,         • 

9-70 

9-80 

6-62 

41£^ 

PhoephonUy 

1-37 

Phosphates,  Ash, 

1-76 

Magnesia,  . 

!          -34 

Oxygen,     . 

9-67 

10-33 

Mr.  Sorby  has  studied  the  colouring-matters  of  leaves,  and  has 
divided  them  into  five  groups : — 1,  Chlorophyll ;  2,  xanthophyll ; 
3,  erjthrophyll ;  4,  chi^sophyll ;  and  5,  phaiophyll. 

The  Chlorophyll  group  are  all  green  in  colour ;  the  members 
are  insoluble  in  water,  but  soluble  in  alcohol  or  carbon  dioxide. 
The  absorption-band  is  in  the  red,  but  the  green  is  more  or  less 
completely  transmitted,  so  that  the  prevailing  tint  is  a  more  or 
less  modified  green.  There  appear  to  be  several  members  of 
the  group,  one  kind  (which  is  probably  the  crystalline  chlorophyll 
just  described)  occurs  nearly  pure  in  small  aquatic  plants,  allied 
to  the  Oscillatoria  ;  the  green  leaves  of  plants  contain  this, 
along  with  one  which  gives  special  absorption-bands.  A  third 
kind  is  the  result  of  the  action  of  acids  on  this,  found  more 
especially  in  autumnal  leaves  which  have  become  brown.  A 
fourth  is  in  faded  Confervse,  and  turns  blue  when  acted  upon  by 
hydrochloric  acid  (Fremy's  phyllocyanine  ?) 

Xanthophyll. — This  is  a  group  of  orange  colours.  They  are 
insoluble  in  water,  but  soluble  in  alcohol  or  carbon  disulphide. 
The  general  tint  of  the  spectrum  is  orange,  there  is  absorjition  at 
the  blue  end,  often  more  or  less  marked  narrow  bands.  These 
bands  are  best  seen  in  carbon  disulphide  solution.  Examples  of 
two  species  of  xanthophyll  are  the  inner  and  outer  layers  of  the 
common  carrot. 

ErythrophyiU, — A  group  of  reds.  They  are  soluble  in  water 
and  weak  alcohol,  but  not  in  carbon  disulphide.  There  are  many 
varieties.  There  is  a  strong  absorption  in  the  green  parts  of  the 
spectmm. 

Chry9ophyU  is  a  golden-yellow  colour,  soluble  in  water  and 
weak  licohol,  like  the  last,  and  insoluble  in  carbon  disulphide. 

The  Phaiophyll  group  consists  of  various  bi'owns,  due  to  the 
oxidation  of  dilorophyll.     They  give  no  definite  abaotplioii- 
bands. 
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The  spectrum  of  ohIolt>phyll  ii  delinefttecL  in  Kos.  S5  luid  36. 
No.  35  is  an  alooliolio  solution  of  fresh  chlorophyll.  UielNft  are 
two  well-defined  aheorption-bands  in  the  ted,  iuld  two  others, 
somewhat  weaker,  between  B  and  D.  Uie  blue  end  of  the 
spectrum,  up  to  F,  is  dark.  Old  solutions  (Ka  36)  alter  the 
bands  somewhat,  and  a  fifth  band  appears  betlredtL  F  aild  C. 

Green,  if  not  due  to  chlorophyll,  nor  to  oolouring-matters  of 
copper  or  metallic  origin,  will  probably  be  aldehy&  green,  or 
iodine  green,  or  the  cUorinated  derivative  of  the  latter,  which 
is  said  to  be  an  equally  good  tinctorial  agentL 

These  may  be  distinguished  by  the  te^  in  the  general  scheme 
given  farther  on  * 

§  62.  Indigos  and  Violxts. — ^The  chief  blues  to  be  found,  not 
of  mineral  origin,  are  indigo^  litmus,  and  the  aniline  eolonrs. 

Indigo. — Indigo  is  the  produce  of  a  great  nnmbei^  of  plants, 
most  of  which  belong  to  different  spedes  of  Il^dog^enu  It  would 
seem  that  the  indigo  exists  in  these  plants  in  the  form  of  a 
syrupy  gloooside,  which  has  been  named  tnc^tcon,  and  splits  up 
into  indightein  and  indigo-blue^  according  to  the  equation, 

IndieuL  W«ter. 

CmH6iN,Os4  4Hio=Ci4HioN,0,+eC«HwOi. 

In  the  treatment  of  the  crude  substance  by  acids,  other  red 
and  yellow  colouring-matters  are  thrown  down  with  the  indigo. 
Pure  indigotin  has  to  be  freed  from  these  impurities,  and  may  be 
crystallised  in  minute  crystals.    It  is  also  capable  of  sublimation. 

Crystalline  indigotin  is  of  a  deep  purple  colour,  and  is  insoluble 
in  water,  dilute  acids,  and  alkalies.  It  is  converted  into  orange 
crystals  of  tfo/m,  C,gH^^NjO^,  by  treatment  with  oxidising 
agents.  Indigotin  is  dissolved  in  concentrated  sulphuric  acid, 
and  two  compounds  are  formed — the  one,  indigo  monoetUphonic 
acid,  or  indigo-purpurie  acid,  Cj4HgNj0j(S0jH),  which  is  first 
formed;  and  the  other  indigo  disul phonic  acid,  CjQHgNjOjfSOjH)^, 
which  is  formed  later.  The  first  is  easily  separated  from  the 
second,  for  it  is  precipitated  by  the  addition  of  water.  A  sodium 
salt  of  indigo-sulphuric  acid  is  used  much  in  laboratories  under 
the  name  of  indigo-carmine  as  a  test  for  nitrates,  as  well  as 
for  their  estimation,  oxidising  agents  converting  it  into  i^Uin- 
siUphonic  acid,  Cj-HgNj04(S03H)2,  which  has  an  orange  colour ; 
hence,  when  a  liquid  containing  a  nitrate  is  acidified  strongly 

*  Rinman^B  green  may  be  met  with ;  it  esaentially  consists  of  oxide  of 

zinc,  coloured  with  oxide  of  cobalt.     Sometimes  arsenic  is  used  in  its  manu- 

ikcture ;  if  arsenic  free,  and  in  small  qnantitv,  it  is  a  harmless  colouring 

oiMteriML     There  is  also  an  aniline  green  which  is  a  compound  with  sine 

cblonde. 
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with  snlpharic  acid,  and  a  solution  of  indigo-carmine  run  into  the 
hot  solution,  the  colour  changes  at  first  to  yellow  until  an  excess 
of  ii^digp  h|is  Veen  adde4*  The  spectrum  of  indigo,  in  coneen- 
tmted  solution,  is  shown  in  No.  42.  There  are  no  bands,  but 
absorptioB  of  the  red,  orange,  and  yellow  end  of  the  spectrum. 

Litmus  is  a  blue  colour  obtained  from  lichens,  and  very  &miliar 
to  chemists  as  an  indicator  of  adds.  As  a  coloiiring  agent  of 
either  foods  or  stuffs,  it  is  of  little  importance,  not  being  a  "  ieat 
colour."    Its  spectrum  is  shown  at  Kos.  25  and  26. 

{63.  Browk  Colours. — Caramel, — All  shades  of  brown,  from 
a  rather  delicate  fawn  colour  up  to  black  or  nearly  so,  can  be 
given  by  carameL  Caramel  is  not  a  single  simple  substance, 
but  a  mixture  of  various  colouring-matters  derived  from  the 
dehydration  of  sugar.  Caramel  is  soluble  in  water,  and  is  pre- 
cipitated by  alcohol. 

Caramel,  as  it  usually  occurs,  is  almost  all  soluble  in  water, 
and  gives  precipitates  with  alcohol,  ammoniacal  lead  acetate,  and 
baiyta  water.  It  gives  a  spectrum  without  definite  absorption- 
bands,  but  extinguishes  the  blue  side  of  the  spectrum,  like 
ferric  chloride.  Caramel  may  be  suspected  in  a  brown  liquid  not 
coloured  by  a  mineral  substsjice,  which  is  not  decolourised  when 
sufficient  tannin  is  added,  for  the  colouring-matter  of  berries  is 
precipitated  by  tannin.  Among  the  members  of  caramel,  there 
are  three  principal  substances — vix.,  caramelane,  0^2^28^99  c&i'a- 
ffieUne,  i^id  caramelin. 

Cammelane  makes  up  the  chief  bulk  of  ordinary  caramel.  It 
is  brown,  hard,  and  brittle,  bitter  to  the  taste,  without  odour, 
deliquftscent,  and  very  soluble  in  water,  sparingly  soluble  in 
weak  alcohol,  insoluble  in  ether.  It  does  not  precipitate  metallic 
salts  ia  aqueous  solutions,  but  reduces  an  alkaline  solution  of 
oxide  of  copper,  and  also  the  salts  of  gold  and  silver. 

Carameline  may  be  separated  from  caramelane  by  first  extract- 
ing the  latter  by  alcohol  of  84  per  cent.,  exhausting  with  cold 
water,  and  precipitating  with  absolute  alcohol.  It  is  a  brittle 
lotid,  of  great  tinctorial  power ;  it  is  easily  soluble  in  water, 
sparingly  in  alcohol,  insoluble  in  ether. 

Coffomelin  is  a  mixture  of  three  substances  of  different  solubili- 
ties; i4  is-  Vlaok,  shimng,  and  infusible.  Its  solutions  precipitate 
metallic  salts,  and  redooe  gold  and  silver  solutions. 

{  64.  The  folljp^ing  useful  s^^em^  may  be  followed  in  the  de- 
tection of  unknoiwgs.  Of^lomnBg^mi^ters.  It  is  baaed  on  the  scheme 
oriipnrilj^  Vfk  P«r<b  l:e9PnQI^^nde4  by  Professor  S^eiA»  in  order  to 
detset  the  dyes  o|  viy^oii^  &bn<w ;  b^t.  ^  ^  %vsjjabld,  leiiii  the 

»«tife?itf«nn.  ini^ui^  ^^^o  applied  to  the  ixxvestigatiLcm  oi 
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BEDCOLOUBa 


A.  Hkat  with  Ammonium  Sulfhidi.^A  greeniah  or  Uuith  ooknir,  which, 

by  the  action  of  baryta  water,  ia  changed  into  green — ALOES 
PURPLE.    If  the  liquid  beoomea  parple^  ARCHIL  la  alao  preaent. 

B.  Boil  with  a  Solution  of  Aluminium  Suifhatb. 

a.  The  liquid  ia  coloured  red,  with  m  beetle-green  refleotioa — MADDER. 
(Confirm  by  apectroacope. ) 

6.  The  liquid  becomea  red,  bat  there  ia  no  reflection.  Add  an  equal  volnnie 
of  sodium  sulphite. 

(I.)  It  is  bleached.  Preeence  of  BRAZIL-WOOD,  SANTAL.  MAQENTA, 
CORALLINE,  SAFRANIN. 
Boil  with  Alcohol  of  80  per  csnt. 

a.  The  liquid  colours  diatincUy.    If  blniah-red,  MAQENTA ;  if  yellowiah- 

red,  SANTALIN. 

b.  Liquid  colours  very  little,  or  not  at  all— BRAZIL-WOOD,  CORAL- 

LINE, SAFFLOWER. 

(1.)  Heat  with  lime  water.  No  colour— SAFFLOWER.  Red  colour— 
BRAZIL-WOOD,  CORALLINE. 

(2.)  Heat  with  dilute  sulphuric  acid.  Orange  colour— BRAZIL-WOOD. 
Yellow  tumiog  to  grey  on  addition  of  copper  chloride — CORAL- 
LI  N  E.    (Confirm  by  spectroscope. ) 

(2.)  It  is  not  bleached  — COCHINEAL  LAC -DYE,  LAC -DYE, 
KERMES,  ARCHIL, 

(a.)  Boil  with  alcohol;  liquid  becomes  red— ARCHIL.  If  it  only  faintly 
colours,  or  at  least  if  the  colour  is  not  decided,  it  may  be 
COCHINEAL,    LAC-DYE,   KERMES, 

lb.)  Heat  with  bar3rta  water;  no  chanee— LAC-DYE ;  the  liquid  becomea 
red— COCHINEAL,  KERMES. 

(c.)  Heat  with  lime  water:  a  red  colour— KERMES;  a  violet  colour— 
COCHINEAL. 

YELLOWS, 

Heat  with  a  dilute  solution  of  neutral  ferric  chloride. 

^.B.— This  test  must  be  applied  when  the  colouring-matter  ia  aeparated 
in  a  fairly  pure  state. 

A.  Colour  but  Uttle  altered-ANNATTO.  TURMERIC,  ANILINE 
YELLOW,  PICRIC  ACID,  NAPHTHALINE  YELLOW.  Test 
with  a  drop  of  concentrated  sulphuric  acid:  a  blue  or  green  colour 
is  produced— ANN ATTO.  If  the  spot  becomea  at  once,  or  after 
a  little  time,  more  or  less  brown  or  red,  then  add  alcohol,  with  a 
few  drops  of  hydrochloric  acid  and  some  boric  acid. 

(a.)  Liquid  becomea  of  an  intense  pink  colour,  and  on  diluting  with  water, 
tnere  ia  a  reddish-yellow  colour — T U  R  M  E R IC. 

(3,)  P^Ie   pink   colour,   on  diluUon    w\\.\i  wtiter,   crimson »  ANILINE 
yELLOW. 
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{c.)  Tbers  is  no  change  of  colour  on  the  addition  of  hydrochloric  acid,  &c. 
Heal  with  ammoniacal  copper  solution,  bluish-nreen ;  confirm  the  pre- 
aenoe  of  picric  acid  by  the  cyanide  of  potash  test,  a  blood-red  colour — 
PICRIC  ACID  ;  the  colour  becomes  an  olive  green— NAPHTHA- 
UNE  YELLOW. 

B.  YarioDS  shades  of  colour  from  green  to  almost  black— MADDER  YEL- 
LOW, FUSTIC,  FUSTET.  QUERCITRON.  FLAVIN,  BER- 
RIES, WELD.  Boil  with  aluminium  sulphate,  with  the  addition  of 
tn  equal  volume  of  water  ;  liquid  becomes  yeUow,  with  a  red  reflec- 
tion-MADDER  YELLOW,  with  tin.  Ydlow,  with  a  bluish-green 
reflection — FUSTIC.  Liquid  vellow  without  reflection.  Heat  with 
baryta  water,  a  red  colour — FUSTET.  The  colour  is  only  darkened. 
Boil  with  glacial  acetic  acid.  On  cooling,  if  the  liquid  is  yellow,  or 
greenish-yellow— ENGLISH  FLAVIN.  If  the  solution  is  not  at  all, 
or  only  fSuntly,  coloured,  boil  with  basic  lead  acetate.  This,  with 
regard  to  fabrics,  if  a  tissue  is  dyed  with  WELD,  the  tissue  will  not 
cluinge  colour;  if  with  QUERCITRON  or  BERRIES,  the  tissue 
will  chan^  to  orange-brown;  but  articles  of  food  will  be  scarcely 
coloured  with  these  substances. 


GREEN  COLOURS. 

If  the  green  colourinc-matter  is  not  soluble  in  water,  it  is  probably 
chlorophyll,  unless  indeed  it  is  a  mineral  colouring  substance.  Chlorophyll 
^  recognised  by  the  spectroscopic  characters  of  its  alcoholic  solution 
(see  page  90).     If  not  chlorophyll  nor  a  mineral  substance,  then 

A.  Boil  with  a  moderately  concentrated  solution  of  potassic  cyanide. 

(a.)  Colour  changes  into  brown  or  yellow-ANILINE  GREEN,  GREEN, 
containiDg  INDIGO-SULPHURIC  ACID  (carmine  green). 

(''•)  Does  not  change,  or  changes  into  a  brownish-  or  yellowish-green — 
GREEN,  containing  INDIGO  with  or  without  CARMINE  GREEN 

&  In  any  of  the  foregoing  cases  add  an  equal  volume  of  water,  and 
thui  a  solution  of  aluminium  sulphate  until  an  abundant  precipitate 
is  formed ;  filter  and  wash.  (Excess  of  the  precipitate  must  be  avoided. ) 

(a.)  Ftttrate  yellow  or  reddish— ANILINE  GREEN. 

(6.)  Ffltrate  blue-(l)  precipitate  colourless— CARMINE  GREEN  with 
PICRIC  ACID;  (2)  precipitote  yellow  — CARMINE  GREEN 
with  a  v^^etable  yellow.  Dissolve  the  yellow  precipitate  in  water, 
add  sulphuric  acid,  and  filter  :  agreen  fluorescence — FUSTIC ;  no 
fluorescence  —  WELD,  TURMbRIC.  Test  for  turmeric  in  the 
original  substance  by  boiling  with  alcohol,  and  adding  boric  and 
hydrofluoric  adds. 

(a.)  Filtrate  colourless,  precipitate  yellow— INDIGO. 

(6.)  FStnitebloe;  if  the  precipitate  is  colourless,  PICRIC  ACID  m&y  \m 
praent,  and  should  be  toBted  for;  if  coloared,  there  is  probably  9^ 
TCfsiahb  colaar  preaeat. 
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blue  colours. 

DiMoWe  out  the  ooloorine- matter  with  klcohol  of  SO  per  cent.,  or  trtat  the 
Bitbstuice  itmlf  with  alcohol.  alloiriDe  it  to  remain  in  the  liiiuid,  tnd* 
add  s  few  drop* of  hydrochlotic  acid:  a  red  colour— LOGWOOD, - 
4'ootirm  by  uldiag  to  so  atcoholic  saluticn  anunonia  ajid  then  aloni  ; 
a  Uit«  or  violet  precipitate  should  resi\tt.  If  the  liquid  dues  not  dia- 
sfllve  xoy  of  the  colour,  it  is  most  prub&bly  Pruiwiftn  blue,  lint  it  toay , 
alao  be  indigo.  If,  on  the  other  haod,  dlthnoEh  »ome  of  the  colour  is, 
eitracted,  yet  the  euhgtance  ati!!  remaina  bloe.  it  i«  prohjiVily  ANI-, 
LINE  BLUE  or  INDIGO-SULPHURIC  ACID.  Add  atrons  eul- 
pboric  acid,  with  INDIGO-SULPHURIC  ACID,  no  chauRe.  The  . 
colour  chanj^es  iuW  a  yellav  or  reddish -brown  in  presence  nf  ANU" 
LINE  BLUE.  On  heatine  with  Bodiam  carbonate  a^un,  INDIGOe 
IH  not  changed,  but  PRUSSIAN  BLUE  U  chan^  into  yellow  or 

TIOLETT  AND  PURPLE  COLOUES. 
Heat  with  ammoDium  eDlphide.  ^ 

A.  The  tisBue  U  bleached;  aolable  ANILINE  VIOLET,  MAGENTA,  with 

INDIGO  CARMINE.  These  two  may  be  .UatlDeuished  by  the 
action  of  Wlitiit  alcolioh  SOLUBLE  VI01.ET  reroaiiiB  viulet,  ^ 
MAGENTA  l«comea  red,  the  Bubstaoce  becomea  browniah-red. 
PreBeoi*  of  MAUVE,  or  HOFFMAN'S  VIOLET.  These  may  be  di.tin- 
L:iiiahe<l  by  tiie  addition  of  hydrochloric  acid,  which  colours  HOFF-  '■ 
MANN'S  VIOLET  yellow,  but  MAUVE  becomes  punile. 

B.  Turns  ohve  brown— ALKANET.     (Confirm  by  apvctrum.) 
II.  Hanlly  anv  cbaoin.     Presence  of  ARCHIL.  ARCHIL  with  INDK 

LOGWOOD,  or  MADDER. 
Boil  with  alcohol— 
n.  The  solution  is  pink,  and  chanees  to  violet  on  the  aiidition  of 

ARCHIL;    If  the    ARCHIL    ia  accompanied  with   INDIQO, 

chloroform  will  colour  blue. 

b.  Solution  in  alcohol  remaira  colourless.    Heat  with  dilute  hydrochloric  acid:  1 

.    LOGWOOD  ia  coloured  red,  and  may  lie  further  identified  by  test 

alreoily  uiveu ;  if  INDIGO  ii  aBiociat«d  with  it.  hot  chloroform  ^t-lll 

colour  blue.     With  bfdrochlonc  acid,  madder,  if  it  is  coloured  at  all, 

becomea  yellow.  _ 

The  iicfoni[uinyiDg  Tables  will  also  be  found  useful   ia   tl 

identifioatioH  of  organic  colours. 
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THE  MINERAL  MATTERS  OR  "ASH"  OF  FOOD. 
ANALYSIS  OF  THE  ASH  OF  ORGANIC  SUBSTANCES. 
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^  65.  As  ftgenRrnl  niln,  teRting  the  iwh  for  abnormaj  m«taJs 
and  aJkaline  eutbs  is  a^cesaiiry,  and  more  especially  if  the  &sli 
proseat    amy   nniuu^   ohftnclCT,  -«\iel\^«i  m  ^qi^iil,  ooloar,  or 


ed  or  nispended,  !■  extimoted  hj 


Ohlorofonn. 


.r- 


Aa  ether. 


Amyl  aloohoL 


Is  coloured  red,  extracts  easily, 
gives  a  residue. 


But  little  coloured  ;gives 
but  small  residue. 


As  benzine. 


Extraotsboth  dissolved  and  sus- 
pended, is  coloured  violet,  and 
gives  a  residue. 


As  with  aniline  violet. 


if^l 


As  ether. 


«■ 


Only  traces. 


As  ether,  but  a  larger  quantity 
dissolved. 


As  with  the  insoluble. 


^^"th  petroleum  ether,  only  in  greater  quantity. 


K«^d 


s^n" 


As  with  petroleum 
ether. 


ael 


Aa^^ 


As  with  petroleum 
ether. 


As  with  benzine. 


As  benzine. 


Extracts  very  little. 


Ooi^ 


Takes  less  up  than 
benzine. 


Solution  yellow  to  deep 
brown. 


As  with  ether,  only  in  greater 
quantity. 


Is  dissolved  easier  than  picric 
aoid,  the  solution  yellow. 


As  with  benzine,  only  easier 
soluble. 


Dissolves  easily;  solution 
greenish  •  yellow,  residue 
brownish. 


Dissolves  easUy ;  solution  deep 
red-brown,  residue  brown 
amorphous. 


Dissolves  easily;  solution  deep 
red -brown,  residue  amor- 
phous.   


As  ether  and  chloroform. 


cl  extracted  by 


Ghlorofonn. 


iflidue  as  with  benzine. 


Amylalcohol. 


Is  colonred  deep  red;  the 
due  blue-red. 


Is  coloured  a  violet- 
blue;  residue  likewise 
violet 


line 
ilet. 


line    W«« 

line    Wtt® 
>luble). 


line  ye^<*^-A3  with  benzine. 


aine    oran««^g  ^tlj  l,^,^2i^g^ 


bra^" 


enzine. 


Mivm. 


vaUine. 


lue  less,  but  as  with 


J^xtracts  less  than  out 
of  an  acid  fluid. 


Is  coloured  a  deep  violet-red; 
residue  violet. 


Less  than  from  acid;  the  resi- 
due the  same  as  frt>m  acid. 


More  is  dissolved,  but  other- 
wise as  petroleum  ether. 


Is  coloured  yellow,  and  gives 
a  blue  residue. 


Takes  up  less  than  out  of  acid; 
is  coloured  yellow,  residue 
yellow. 


Extracts  less  than  from  an 
acid  solution. 


Becomes  deep  brown,  with  a 
ffreen  fluorescence;  residue 
Brown. 


Is  coloured  deep  brown;  resi- 
due  brown. 


Is  coloured  raspberry-red;  re- 
sidue as  from  ether. 
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■ohilnKtf.  Leaying  for  the  present  the  speeuU  tests,  the  numb^ 
and  nature  of  the  constituents  which  require  to  be  determined 
for  the  purpose  of  the  food-analyst,  vary  according  to  the  par- 
Ikolar  sabstance  under  examination,  e.  g. — 

In  all  substances,  the  percentage. 

In  such  fluids  as  milk,  the  alkaline  phaephates  and  the  chlorides. 

In  seeds,  such  as  wheat,  cocoa,  &c.,  the  total  phosphoric  acid. 

In  beer-ash,  the  amount  of  common  salt. 

In  bread-ash,  the  presence  or  absence  of  alwrnina^  magnesia, 
sad  proportion  of  sUiea  to  alumina. 

In  tea-ash,  the  alhalimty,  the  iron,  the  mlica,  and  proportion 
dmMle  to  insohMe  ash. 

In  coffee^uh,  likewise  the  proportion  of  soluble  to  insoluble 
srii,  but  the  presence  or  absence  of  silica  becomes  also  of  im- 
portance. 

From  these  illustraticms  (which  might  be  multiplied)  it  follows 
ttal^  for  the  purposes  of  the  food-analyst,  the  general  constitution 
<f  the  ash  will  be  sufficiently  known  when  the  following  deter- 
minstions  have  been  made  : — 


(1. 

(2.) 
(3.) 

(6.5 


The  total  percentage  of  ash. 

The  total  percentage  of  ash  soluble  in  water. 
(3.)  The  total  percentage  of  ash  soluble  in  acid. 
(4.)  The  alkalinity  of  the  ash. 
(5,)  The  percentage  of  chlorine. 

The  percentage  of  phosphoric  add. 


(1.)  7%e  Total  Percentage  of  Ash, — Of  the  various  methods  of 
^rtimating  an  ash,  the  simplest  and  most  practical  appears  to  be 
Ho  |ilaoe  a  sufficient  quantity  of  the  substance  to  be  burnt  in  a 
<>|Mcums  platinum  dish,  and  to  consume  at  the  lowest  possible 
^pentore  by  heating  with  a  ring  burner.*  The  quantity  to 
k  teken  is  regulated  by  the  amount  of  ash  in  the  substances, 
lor  example,  flour,  containing  only  *7  per  cent,  of  ash,  would  give 
*ith  50  grms.  *35  ash,  which  is  about  as  small  a  quantity  as  it 
^  possible  to  work  with  conveniently,  whilst  in  the  case  of 
^ee,  tea,  and  cocoa,  from  5  to  20  grms.  is  for  most  purposes 
Miple. 

*  If  the  salphorie  acid  in  the  ash  is  not  to  be  determined,  a  wide  glaM 
^  (aadi  as  the  didouie]^  of  a  common  paraffin  lamp)  a^joated  over  the 
iih,  h^  iii  powerfol  up-draajy^ht  greatly  expedites  the  operation ;  bnt  if  the 
<i%laris  acid  is  to  he  oeterminea,  the  unpure  gas  of  commerce  renders  the 
'whs  to»  ha|^  It  ]%  howerer,  of  ooarae  open  to  the  analyst  to  make  the 
Ijm  pass  Itovaijh  a  prcpir  shssrption-apparataa,  or  to  use  aa  a  fuel,  alcgboL 
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(2.)  The  SolvhU  AA. — ^The  ash  is  boiled  up  two  or  three  times 
irith  water  in  the  same  platinum  dish ;  filtered,  and  the  filtrate 
evaporated  to  dryness,  heated  to  dull  redness,  and  weighed. 

(3.)  The  Aah  Solubls  in  Acid. — The  portion  of  ash  insolnble  in 
water  is  boiled  up  with  HCl,  and  filtered  from  the  sand;  the 
latter  is  washed,  dried,  and  weighed. 

(4.)  The  AlkaLiwiy  of  the  il«^— The  solution  in  water  from  (2) 
is  coloured  with  cochineal,  and  titrated  with  d.  n.  add :  the  result 
may  be  usually  expressed  as  potash. 

(5.)  The  PercerUoffe  of  Chlorine. — ^The  determination  of  chlorine 
in  the  ash  usually  gives  results  too  low,  especially  if  the  sub- 
stance burnt  is  one  like  bread,  of  difficidt  combustion,  or  con- 
taining substances  which  decompose  chlorides  at  a  red  heat 
Notwithstanding  this  defect,  in  a  series  of  ashes  burnt  under 
similar  circumstances,  the  amount  of  chlorine  found  gives  fidr 
comparative  results.  Should  there  be  any  special  necessity  for 
an  accurate  determination  of  chlorine,  no  volatilisation  will  occur 
in  the  combustion  of  most  articles  of  food,  if  they  are  simply  well 
carbonised  and  not  burnt  to  a  complete  ash,  and  if  the  charcoal 
be  finely  powdered  and  extracted  with  plenty  of  boiling  water. 
The  chlorine  may  be  determined  gravimetrically  by  nitrate  of 
silver,  or  more  conveniently  by  a  standard  solution  of  nitrate  of 
silver,  using  as  an  indicator  neutral  chromate  of  potash.  Should 
alkaline  phosphates  be  present,  they  must  be  first  removed  by 
baryta  water. 

(6.)  The  Phosphoric  Acid. — The  usual  method  of  determining 
phosphoric  acid  is  to  dissolve  the  ash  in  hydrochloric  acid, 
evaporate  to  dryness,  remove  the  silica,  mix  the  acid  filtrate 
with  ammonia  in  excess,  redissolve  the  precipitated  earthy 
phosphates  by  acetic  acid,  filter  off  and  estimate  the  insoluble 
phosphate  of  iron  (and  alumina,  if  present),  precipitate  the  lime 
with  oxalate  of  ammonia,  and  then  in  the  fluid  (free  from  lime 
and  iron)  precipitate  the  phosphoric  acid,  by  the  addition  of 
ammonia  and  magnesia  mixture. 

§  66.  General  Method  of  Determining  cUl  the  ConstiiHents  of  an 
Ash, — The  best  method  of  determining  all  the  constituents  of  an 
ordinary  ash  is  perhaps  as  follows : — A  sufficient  quantity  of 
the  ash  (from  5  to  10  grms.)  is  placed  in  a  flask,  about  25  oc  of 
water  added,  and  saturated  with  COo;  the  liquid  is  now 
evaporated  to  dryness,  heated  with  a  small  quantity  of  water  to 
dissolve  the  alkaline  salts — the  solution  is  filtered  through  a 
small  weighed  filter,  the  filtrate  evaporated  to  dryness,  the 
saline  residue  treated  with  a  small  quantity  of  water,  and  the 
calcium  sulphate  which  separates  out  filtered  through  a  weighed 
filter,  and  estimated ;  the  filtrate  from  this  is  ^ut  in  a  tared  flask^ 
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made  up  to  any  oonvenient  weight,  and  divided  into  five  portions 
iy  weiffnif  vie — 

(1.)  For  CO,.-— TUB  is  most  accoratelj  determined  by  the 
use  of  the  following  little 
appaxmtns  : — ^The  solution  is 
placed  in  a  flask  A,  and  suffi- 
cient add  is  put  into  the  short 
(est -tube  T,  to  more  than 
aentralise  the  carbonate.  A 
itoat  glass  rod  is  passed 
through  the  doubly  perforated 
CMmtdiouc  corky  and  supports 
tlie  little  tube  in  position. 
The  carbonate  solution  is  now 
boOed  until  steam  hisses  out 
of  the  tube  G  (which  it  is 
eonvenient  to  furnish  with  a  ^'  13- 

Bmsen's  valve*).  G  is  then  placed  under  the  mouth  of  a 
grmduated  measuring  tube  filled  with  mercury,  and  it  is  at 
OBoe  seen  whether  all  the  air  is  expelled.  The  flame  is  with- 
drawn for  a  second,  and  the  glass  rod,  which  moves  quite  air- 
ti^t,  is  pulled  a  little  up,  so  as  to  allow  the  acid  tube  to  fall 
down  and  empty  its  contents  into  the  alkaline  fluid.  The  flame 
is  again  placed  under  the  flask,  and  the  CO,  boiled  out  into  the 
aeasoring  apparatus,  and  measured  in  the  ordinary  way.  Those 
vho  are  not  provided  with  gas  apparatus  will  find  it  convenient 
to  jacket  their  eudiometer  with  a  tube  open  at  both  ends.  The 
lower  end  is  closed  by  the  mercury  in  the  bath ;  the  upper  is 
placed  under  a  water-tap,  and  a  syphon  is  adjusted  so  as  to 
prevent  overflow.  In  this  way  the  gas  is  rapidly  cooled,  and  the 
whole  determination,  from  first  to  last,  need  not  take  more  than 
a  quarter  of  an  hour.f  Instead  of  boiling  the  solution  in  this 
way,  those  who  possess  the  mercury  pump  described  and  figured 
at  page  70  (fig.  7),  will  find  it  more  convenient  to  make  the  flask 
vacuous,  then  upset  the  acid,  and  collect  the  gases  expelled. 

*  BoDBen*!  valve  is  made  m  follows :  Take  a  piece  of  rather  thick-walled 
india-nibber  tubing,  say,  three  inches  in  length  ;  work  it,  by  the  aid  of  a 
htftle  spirit^  on  to  any  wooden  rod  which  is  of  sufficient  size  to  stretch  it 
wen  ;  tbm  with  a  sharp  chisel,  by  a  single  blow,  cut  a  longitudinal  slit ;  if 
well  made,  it  allows  air  to  go  one  way  with  the  greatest  ease,  but  eflfoo- 
taallj  pvevents  a  retain. 

t  Much  ingenuity  has  been  expended  on  the  estimation  of  carbon  dioxide^ 


i  the  old  method  of  estimating  in  light  glass  apparatus,  bv  the  loss  of 
wifsiLhI,  is  quite  forsaken.  The  method  ^vea  in  the  former  edition  of  this 
wail  was  to  abaorb  the  GOt  in  a  dear  sdlutionof  ammoniacal  calcium  chloride, 
esQaet  tiie  pcedpitatod  oakinm  carbonate^  and  titrate  it  with  d.  il  acid. 


** 
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(2.)  For  ihe  soIphoriD  Mid,  determiBad  hw  ddoride  of  biriiiiiL 
(3.)  For  the  phosphorio  Mad,  detemuned  m  imgnawMi  pyio- 
phospliate. 

i4.)  For  the  chlorine,  bj  predpiteiioii  m  nlTor  ehlorida 
5.)  For  the  alkalies,  bj  boUing  in  anlatinnm  diah  irikli  al||^t 
excess  of  baryta  water,  filtering,  getting  rid  of  tbe  mresw  of 
baryta  by  ammonia  and  ammonium  oaroonate,  mnapfflrating  the 
filtrate  to  dryness,  oonverting  tiie  alkalies  into  oluorides^  and 
determining  their  relatiye  proportion  from  their  total  irai|^t 
and  their  content  in  chlorine.  This  eompletes  the  aaatysis  of 
the  wluUe  portion  of  the  ash. 

The  tfuo&t6fe  will  contain  lime,  magnesia,  fiMnrioozide^  almnina 
if  present,  silica,  phosphoric,  solphnric^  and  carixnde  aoids. 

The  main  portion  of  tiie  insoluble  a^h  is  dissolTed  in  nhrib 
acid,  fireed  firom  sUica  in  the  usual  way,  erapcncated  afpui  t^  dbry- 
ness  in  a  porcelain  basin,  dilute  nitric  add  added  until  the  baaoa 
are  completely  dissolved,  and  strong  fuming  nitric  add  added, 
until  the  solution  begins  to  be  turlnd  from  the  separation  of  caldc 
nitrate.  The  turbidity  is  now  destroyed  by  a  few  drops  of  dilute 
nitric  acidy  the  solution  warmed,  and  tinfoil  added  in  small  por- 
tions at  a  time,  in  weight  about  equal  to  the  amount  of  ash  taken. 
When  the  Un  is  fally  oxidised,  the  solution  is  evaporated  nsarfy 
to  dryness,  water  is  added,  and  the  solution  filtered ;  the  phos- 
phoric add  is  retained  in  the  predpitate — ^the  bases  are  sJl  in 
the  filtrate.  The  predpitate  is  dissolved  in  strong  potash 
solution,  addified  with  sulphuric  add,  and  freed  firom  tin  by 
hydric  sulphide,  concentrated  to  a  small  bulk,  filtered  if  any 
further  sulphide  of  tin  separates,  and  the  phosphoric  add  deter- 
mined by  magnesia  mixture  and  ammonia.* 

The  filtrate  firom  the  tin  phosphate  must  be  freed  from  lead 
(if  the  tin  originally  contained  lead)  by  hydric  sulphide,  con- 
centrated, the  iron  and  alumina  separated  and  determined  by 
ammonia,  the  manganese  separated  as  binoxide  by  bromine- 
water,  the  lime  by  oxalate  of  ammonia  as  oxalate,  and  the  mag- 
nesia determined  in  the  usual  way  as  pyrophosphate. 

A  weighed  portion  of  the  insoluble  ash  must  also  be  taken 
for  the  carbon  dioxide,  sulphuric  acid,  and  sand.  The  carbon 
dioxide  is  determined  in  the  manner  already  described. 


uting  M  an  indicator  ooehineal.  Another  method  whidi  haa  been  preposed, 
is  to  make  a  combnation  of  the  snbetanoe  with  potaanc  hiefaiomala^  and 
ahflorb  the  COs  in  the  nanal  way  in  potaah  bolba.  A  thiid^  ia  to  let  the 
aeid  drop  from  a  aeparating  funnel  on  to  the  carbonatea,  and  absorb  the  OOf 
as  in  the  last,  an  aspirator  and  drying  tnbea  beinff  aaed.  (Ammlm  dir 
cAemie,  clzxri.  186-144.)  All  of  theae  metheda,  in  tie  authoi'a  epiaaoai  ar» 
inferior  lo  that  dven  above  in  the  tasl 
•  Theipe^s  •'Qoaatitative  AMdyfia"    Lend.,  If77. 
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The  proeeM  just  glTen  ui  not  quite  accurate  with  regard  to  the 
fwtiiatii(fm  of  the  alkalies ;  for  Bunge  ^  has  shown  that  since  the 
altaliea  form  insoluble  compounds  with  the  alkaline  earths,  a 
watery  extract  of  the  ash  gives  low  results.  For  example,  Bunge 
inemerated  300  cc.  of  cow's  milk  ;  from  a  watery  extract  of  the 
tah  he  obtained 

K,0  -5436,  NajO  0700 ; 

▼hile  from  a  subsequent  nitric  acid  extract  of  the  same  ash, 

K,0  -0937,  Na,0  01 162. 

If  chlorides  of  the  alkalies  be  heated  with  tribasic  phosphate 
of  lime,  the  soda  is  specially  likely  to  combine  with  the  lime  in 
insoluble  combination — ^in  far  less  proportion  the  potash. 

Bunge  recommends  the  following  method: — The  watery  ex- 
tiaet  is  decomposed  with  baryta  water  until  a  film  forms  on  the 
nAee  of  the  solution,  the  mixture  is  warmed  and  filtered  hot. 
The  excess  of  baryta  is  got  rid  of  by  00^  subsequent  warming, 
and  filtration  ;  the  filtrate  is  evaporated  in  a  platinum  dish,  the 
residue  gently  ignited,  dissolved  in  a  little  water,  filtered  through 
t  small  filter,  and  evaporated  with  HCl  in  a  small  platinum 
dish.  The  chlorides  are  then  ignited,  weighed,  and  separated 
by  platin  chloride. 

The  hydrochloric  or  nitric  solution  of  the  insoluble  portion  of 
the  ash  is  evaporated  to  dryness  in  a  platinum  dish,  the  residue 
again  dissolved  in  a  little  of  the  acid  and  water,  treated  like  the 
former  with  baryta  water,  and  filtered  hot.  Ammonia  and  car- 
bonate of  ammonia  are  now  added,  the  liquid  filtered,  and  the 
filtrate  evaporated  in  a  platinum  dish,  and  ignited  at  the  lowest 
possible  temperature.  The  residue  still  containing  a  trace  of 
Mkaline  earth,  is  extracted  with  water,  evaporated  with  oxalic 
add,  iffnited  again,  taken  up  with  water,  filtered,  evaporated  in 
a  snuJl  platinum  dish,  ignited  again,  dissolved  in  a  little  water, 
and  lastly,  evaporated  with  HCl,  and  the  alkaline  salts  separated 
by  bichloride  of  platinum. 

Since  a  determination  of  the  ash  only  gives  those  mineral  sub- 
stances which  are  fixed  in  the  fire,  and  destroys  nitrates,  aud 
changes  oxalates,  citrates,  and  tartrates  into  carbonates,  while 
other  constituents,  under  the  influence  of  heat,  undergo  a  new 
arrangement,  it  becomes  a  question  whether  the  ingenious  method 
reeommended  by  £.  Laugiert  in  the  analysis  of  sugar,  would  not 
be  applicable  in  several  cases. 


'»  Annalen  der  Okimie  u.  Pharmaeit, 
t  dm^  TtmL,  bnomi  1088-1090. 
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M.  Langier  takei  two  porlunui  of  mtgKt,  one  lor  tiio.adi,  the 
other  for  tiie  organic  aoidB,  the  iMef  being  exMMj  doable  the 
quantity  of  the  former*  To  the  laxger  qnantitj  of  the  Bample, 
dilate  sulphuric  aoid  is  added  drop  hy  arop  to  set  free  the  oiw 
ganio  adds ;  the  acidified  sngar  is  mixed  with  pomioe  stone  and 
exhausted  with  ether;  half  of  the  ethereal  solution  is  added  to 
the  ash  obtained  from  the  smaller  portum,  and  evaporated  down 
upon  it  and  weighed.  Bj  this  means  H.  Laugier  udnks  that  he 
reconstructs  the  original  salts  in  the  sugar,  Thii^  however, 
cannot  be  entirelj  trua  The  other  half  of  the  ether  sdbition  ia 
titrated  with  an  aJkalL 


PART    lll.-CARBO-HYDRATES. 


STARCHY  AND  SACCHARINE  SUBSTANCES. 

SUGAR. 

§  67.  Sagars  may  be  divided  into  two  classes : — (1.)  Those 
capable  of  being  broken  up  by  the  process  of  fermentation,  such 
as  the  sugars  known  as  the  glucoses  and  saccharoses  ;  and,  (2.) 
the  onfermentable  sugars,  to  which  class  belong  many  sweet 
principles  found  in  plants,  such  as  eucalyn,  sorbite,  quercitose, 
iaoaite,  mannite,  dulcite,  &c  The  important  sugars  to  the  food- 
uialyst  are,  cane  sugar  or  saccharose,  glucose  or  dextrose, 
femlose,  milk  sugar,*  and  maltose. t 

Cane  Sitgar,  CigHjgOu,  occurs  in  a  very  large  number  of 
plants,  but  is  only  manufactured  from  beet-root,  the  sugar-cane, 
sorghum,  and  the  sugar-maple.  Its  specific  rotatory  power  is 
+  73*8.  It  crystallises  from  its  solutions  in  water  or  dilute 
tleohol  in  anhydrous  crystals,  the  specific  gravity  of  which  is 
1*606.  It  is  soluble  in  one-third  of  its  weight  of  cold  water,  and 
is  very  soluble  in  hot ;  in  absolute  alcohol  it  is  insoluble,  the 
flolubility  rising  in  proportion  to  the  weakness  of  the  alcohoL 
Thus,  according  to  Scheibler,  the  numbers  in  Table  lY.  are  the 
percentages  of  sugar  dissolved,  and  the  specific  gravity  of  the 
solution  at  the  common  temperature  of  14^ 

When  solutions  of  sugar  are  boiled  with  dilute  mineral  acids, 
the  sugar  is  split  up  into  two  glucoses  :  the  one  rotating  to  the 
right,  hence  named  dextrose,  the  other  rotating  the  plane  of 
polarised  light,  to  the  left — levulose.]:  Long  boiling  with  water 
has,  to  a  slight  degree,  the  same  effect,  and  it  is  also  shown  in  the 
action  of  ferments,  when  exposed  to  light.  An  uncorked  solution 
of  sugar  (or  one  imperfectly  sealed)  will  in  a  few  days,  according 
to  the  temperature,  show  some  degree  of  inversion.  But  a  boiled 
solution  of  sugar,  which,  while  actually  boiling,  has  been  her- 

*  Sfilk-sngsr  is  fhlly  described  in  the  article  on  **  Milk." 
f  "  Maltose*'  is  deBcribed in tiie  article  on  Malt  Liquors, 
i  To  this  miztare  of  dextrose  and  levulose,  the  term  *'  invert  sugar"  is 
applied,  because  the  polarisation  is  the  opposite  of  that  of  cane  sugar ;  for 
atuumgh  ^ncose  rotates  to  the  right  and  levulose  to  the  left,  yet  the  latter 
is  so  flracb  stBonger  that  the  solntioii  polarises  to  the  left 
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TABLE  IV.-SOLUBELITT  OF  SUGAR  IN  AUX>HOL  OF 

DIFFERENT  STRENGTHS. 


Mnt  slooboL       ***  "^^Sta"*^** 

^SSSdb£72Ei«0 

0    . 

85-8       ..        .    1'82I8 

6    .        .        . 

88-4 

•     ••• 

10    . 

79-4 

.    1-2991 

15    . 

76-ft 

•  •• 

20    . 

78-4 

.    1-236 

25    .         .        . 

69*8 

•       •■• 

30    .        .        . 

66-e 

.    1-2293 

35    . 

em 

>         •• 

40    .        .        , 

BG-T 

.     1*1823 

45    .        .        , 

61-6 

t               ••• 

50    . 

46-7 

.    1*1294 

55    .        .        . 

39-6 

1               ••• 

60    .        .        . 

32-9 

.    l-OBO 

65    . 

2511 

t        ••• 

70    .        .        . 

17-8 

.    0-9721 

75    .        .        , 

11-2 

•  •  • 

80    .        .        . 

6-4 

« 

0-8931 

85    .        .        . 

2-7 

•  •  • 

90    . 

0-7 

0-8369 

»5    .        ... 

0-2 

••• 

97-4 

0-08      . 

••• 

100    ..        . 

000 

a 

••  ■ 

meticallj  sealed,  will  keep  unchanged  for  years.  Acetic  acids, 
and  the  vegetable  acids  generally,  have  little  or  no  effect  in  the 
"inverting"  of  sugar. 

Carbon  dioxide,  especially  under  pressure,  inverts  sugar.* 
Pure  cane  sugar,  if  free  from  glucose,  undergoes  no  change  of 
colour  when  boiled  with  the  alkalies ;  if,  however,  glucose  be 
present,  there  is  a  very  decided  change. 

Sugar  forms  a  few  well  established  compounds  with  bases,  and 
many  with  salts.  The  most  definite  of  the  sugar  compounds 
combined  with  bases  are  those  which  it  forms  with  baryta  and 
lime.  If  a  solution  of  sugar  be  boiled  down  with  sulphide  of 
barium  or  baryta,  a  sandy  precipitate  forms,  having  the  composi- 
tion Cj2^22^jjBaO ;  and  on  decomposition  of  this  with  COj, 
pure  sugar  is  obtained.  A  commercial  process  based  upon  this 
reaction  is  in  use  in  order  to  recover  the  sugar  from  molasses, 
and  it  may  be  employed  in  certain  cases  in  the  laboratory  with 
advantage. 

There  is  a  monobasic  lime  sucrate  {C1JB22O11C&O)  corre- 
sponding to  the  barium  compound,  and  a  tribasic  sucrate  of  lime 
(Ci^H^sOjiSCaO).  Crystalline  compounds  are  also  easily  obtained 
witn  certain  sodium  salts ;  thus,  there  is  a  chloride  of  sodium 

*  v.  lippmann,  Dmg.  Poly,  J.,  oozzzvij.  146-163 
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eompoiiiid  G|JBL|OnNaCL2H20 ;  and  another  having  tho  formula, 
SCijHMOudNauLiH^O.  An  iodide  of  sodium  compound  may 
Ve  obtained  in  large  crystals  having  the  following  composition : 
3QaHaO„3NaLHjO.  ^ 

Sugar  heated  to  160*  melts  to  a  colourless  liquid ;  on  cooling 
the  melted  mass  is  at  first  clear  and  transparent,  but  in  a  little 
time  it  becomes  crystalline  and  opaque.  At  about  170^  to  180* 
it  loses  water,  and  is  said  to  be  transformed  into  dextrose  and 
levulosan  ;  as  the  heat  is  increased,  water  is  continually  being 
lost,  and  more  or  less  brown  products  are  formed  (see  ''Caramel,'' 
p.  93).  If  sugar  is  fused  with  zinc  chloride,  a  liquid  is  obtained 
which  yields,  on  distillation,  aldehyde,  acetone,  metacetone, 
fonnic  add,  acetic  acid,  farfurol,  and  apparently  mesityl  oxide ; 
carbon  dioxide,  carbon  oxide,  and  hydrocarbons  are  also  formed ; 
ind  there  is  also  a  sublimation  of  crystals,  hexmethylbenzene, 
C^CH^    (Lippmann.) 

Nomine,  according  to  K  Keichardt,  transforms  one-third  of 
cane  sugar  into  gluconic  acid,  one-third  into  glucose,  and  the 
remainder  into  gum. 

{  68.  Adulterations  of  Sugar. — Loaf  sugar  is,  as  a  rule,  chemi- 
cally pure.  It  is  probably,  indeed,  the  purest  food-substance  in 
commerce,  and  a  large  quantity  may  be  burnt  up  without 
obtaining  a  trace  of  nitrogen,  and  without  leaving  any  residue. 
The  only  sugars  that  may  be  impure  are  the  ''  raw  "  sugars. 

The  adulterations  of  sugar  usually  enumerated  are :  Glucose 
or  starch  sugar,  sugar  of  milk,  dextrine,  chalk,  plaster,  sand,  and 
various  species  of  flour.  No  conviction,  that  the  author  is  aware 
o£  under  the  Sale  of  Food  and  Drugs  Act,  has  been  hitherto 
obtained  in  flngland  for  selling  sugar  Which  had  been  adulterated ; 
and  the  impurities  given  above  are  not  according  to  the  author's 
experience,  but  rather  the  stereotyped  list  enumerated  by  various 
aathors  in  different  countries,  representing  more  what  is  possible, 
than  what  actually  exists. 

To  detect  glucose  (dextrose)  in  the  presence  of  other  sugars, 
R  Bottger*  mixes  the  solution  with  an  equal  quantity  of  car- 
bonate of  soda  solution  [1  of  the  salt  to  3  of  water],  and  then 
adds  a  little  basic  bismuth  nitrate,  boils,  noticing  whether  there 
is  any  blackening,  which  is  taken  as  an  indication  of  dextrose. 

£L  Bracket  has  modified  this  method,  so  as  to  eliminate  any 
blackening  (which  might  occur  from  the  sulphur  in  albuminous 
mattefi),  by  using  potassium  bismuth  nitrate,  which  precipitates 
albumen.     The  re-agent  is  made  by   dissolving  basic  bismuth 

*  Jour,  far,  PrakU  Cfhen,  Ixx.  432. 
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ziitrate  in  a  hot  Bolvtioil  d  poteflrio  iodide  wi&  tiie  addition  of 
hjdrochlorio  add.  The  albumen  preohiitated  hy  the  ze^igent  is 
of  oourse  filtered  o£^  and  the  filtrate  is  iMQed* 

The  simplest  and  best  method,  howerer,  of  detoottng  starch 
sugar  when  mixed  meehaniosUj  with  oane  sugar,  is  undoubtedly 
that  recommended  by  P.  Chynuni^.*  The  suroeoted  sugar  is 
thoroughly  dried,  and  is  then|trested  with  m^bhyl-alcdiol  whidk 
has  been  saturated  with  starch  sugar.  100  oe.  of  metiiyUo  alcohol 
of  50^  strength  dissolves  about  57  grms.  of  starch  sn^,  tiie  100 
oe.  becoming  in  volume  ISS  cc  Such  a  saturated  solutioii 
dissolves  cane  sugar  readily  enough,  but  leaves  atoroh  snaiar 
undissolved.  After  stirring  the  su^  in  tike  methylitf  alcohol 
for  about  two  minutes,  the  residue  is  allowed  to  settte,  and  tine 
dear  solution  decanted.  The  residue  is  now  waiAed  with  tine 
same  solution,  and  after  stirring  and  allowing  tike  reriidue  id 
settle  again,  if  stardi  sugar  were  present  there  will  remain  a 
certain  quantity  of  dialky  white  specks,  accompanied  by  a  fine 
deposit  of  starch  sugar.  By  collecting  this  on  a  filter,  and 
washing  rapidly  with  nearly  absolute  methyl,  approximate 
quantitative  results  may  be  obtained. 

The  best  method  of  detecting  dextrine  when  mixed  with 
sugar,  has  been  specially  studied  by  Scheibler.t  He  took  a 
sugar  whidi  gave  the  following  numbers  to  analysis : — 

Percent 

Water, 3*35 

Ash, 1-73 

Organic  matter, 2*32 

Sugar, 92-60 

and  mixed  this  sugar  with  various  proportions  of  dextrine— firom 
1  to  3  per  cent — and  examined  the  behaviour  of  the  sugar,  both 
optically  and  chemically.  The  polarisation  indicated  the  follow- 
ing amounts  of  cane  sugar  :— 

0*9       0*5       lO       2*0       3*0  per  cent,  dextrine. 
92*6      93*4      940     95*6      96*3        „       sugar. 

Thus,  a  sugar  adulterated  with  3  per  cent,  if  examined  optically, 
would  indicate  96*3  per  cent,  of  cane  sugar  instead  of  92*6.  Chi 
inverting  the  sugar,  there  were  great  discrepancies,  quite  enough 
to  make  even  an  inexperienced  observer  suspect  something 
wrong.    Thus  with  the  same  amounts  of  dextrine,  the  pure  sugar 

*  Chemeal  Nem,  1880. 

t  "  The  Sugar  Cane."    1871,  p.  469. 
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thowinf^  before  inYersioni  92*6  per  cent,  of  sugar,  and  after 
inTenioiiy  92*5 : — 

0*6         1*9         2*9         3*0  per  cent,  dextrine. 
Bireefc,  93*4       94-2       95-6       96*3        „       sugar. 

After  inyeniony  80*4       78*0       731       67*0        ,»  ,, 

It  -was  no  use  to  experiment  beyond  3  per  cent.,  becanse  it 
was  then  impossible  to  clarify  the  solution  by  lead  acetate 
sufficiently  for  the  purposes  of  optical  analysis.  Scheibler 
sammaiiBed  his  results  as  follows :  Dextrine  may  be  detected  by 
its  tlms  raising  the  degree  of  rotation,  by  the  great  difference  of 
the  results  before  and  after  inversion,  by  the  blue  colour  it  gives 
with  iodine  (although  there  are  dextnnes  which,  when  added 
to  BQgaTy  may  show  this  test  imperfectly),  by  the  impossibility 
of  darifyinff  the  liquid  should  any  amount  be  present,  by  lead 
aeetate,  and  lastly,  by  partial  separation  of  the  dextrine  by 
aninud  charooaL 

Insoluble  mineral  matters,  such  as  sand,  present  in  low-class 
sugars  as  an  impurity,  may  be  readily  detected  by  simple 
solution  of  the  sugar  and  filtration.  Gummy  matters  may 
also  be  separated  by  precipitation  by  alcohol  in  the  way  to  be 
described  in  the  article  on  '*Tea;"  mineral  matters,  generally, 
may  be  detected  in  the  ash.  Beet  sugars,  and  to  a  less  degree  cane 
sugars,  will  contain  a  large  amount  of  potassic  and  sodic  carbon- 
ates, arising  from  the  decomposition  of  the  citrates,  malates, 
oxalates,  &c.  Beet  sugars  may  also  contain  nitrates.  Cane 
sugar  leaves  an  ash  containing  but  little  soda,  with  much  more 
lime,  magnesia,  iron,  and  alumina.  Thus,  the  following  is  the 
ash  ef  raw  cane  and  beet  sugars,  obtained  in  the  following 
manner :  All  the  mineral  matters  in  the  sulphuric  acid  residue 
of  a  large  sugar  factory  were  kept  for  a  whole  year,  and  analysed 
at  the  end  of  the  year.  Of  course  the  carbonates,  nitrates,  and 
dilorides  have  all  been  decomposed,  and  the  analysis  is  true 
only  with  regard  to  the  bases. 

Oaoe  Sagftr  Aah.   Beet  Sagar  Aab. 
Per  oent  Per  cent 

Potaah, 28-79  3419 

Soda, '87  11-12 

lime, 8-83  S'SO 

Majniena,        •       •        .        .  2*73  *16 

Oziaes  of  iron  and  alrnnininm,  6*90  *28 

SnlphoriA  a«d  [anhyd.],  ..       .  43*85  48*85* 

Dividing  each  factor  of  the  ash  of  the  beet  sugar  by  that  of  the 
due,  we  get  the  following  proportions  for  the  bases : — 

*  J.  Wallace,  Ohem.  Ntw$^  xzxvij.  75. 


1 

r  Am  AMAtnn.        Q  69. 


uwieM, 1      m 

1a  othflc  worda,  the  potaah  is  aliiiMt  eqnal  in  the  two  aahM,  but 
there  ia  nearlj  thirtecm  tiaua  nuoe  lodft  in  beet  uh  then  in  auw 
■unr  uh  j  lime,  ntunsde)  wd  oxldM  of  lion  end  elmninium, 
en  in  veiT  ■nutll  qoHiUtiei  in  beet  migar  hL 
An  enelyslB  oftneMhof  ft  Denerm  Mae  ngir  gnnring  near 
let,  hy  Dr.  WalUoe,  ia  ea  foUowa  >— 

t»-M 

1-9* 

U-10 

t-n 

Snlphnrio  aolijrdride BTS 

Phoapluirio  acid, ("59 

Cbloniw, 4-16 

Carbon  dicoidei iiHt 

Iron  Mtoxida, 'fi6 

AliniiHpj(^ -05 

mioL, IS-3S 

10) -03 

padnot  oxygen  =  ohlorina,  ...  -tS 

10»-10 

If  sngar  be  ever  edoltented  hj  eny  of  the  starches,  so  oluinsj 
M  fraud  ia  readily  detected  by  a  microsooiiical  examinatioii,  and 
the  use  of  iodine  to  the  residue  obtained  by  diaaolTlng  the  sngar 
in  oold  water,  and  then  filtering. 

§  69.  IWl  AruUytit  of  Sugar.—Tbe  full  analTsia  of  a  raw 
sugar  consists  in  : — 

1.  Determinatioa  of  the  water  driven  off  at  a  heat  not  exceed- 
ing 65"  to  60°. 

2.  An  optical  estimation  before  and  after  inversion. 

3.  Titration  with  copper  oxide  before  and  after  inversion. 

4.  Estimation  of  the  organic  aoida  by  treating  with  sulphnrie 
acid,  a&d  shaking  np  this  acid  extract  in  the  tube  figured  at  page 
69  with  ether,  until  it  has  dissolved  out  all  the  organic  acids. 

6.  Titration  of  the  organic  acids  with  d.  n.  soda  or  potash. 

6.  Estimation  of  an;  insolahle  matter,  whether  organie  or 
inorganic 

7.  btimation  of  the  ash  and  its  oonstitoente. 
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It  Baj  also  be  neeesaary  to  estixnate  the  matters  predpitated 
bj  Iwwie  kad  aoelate;  it  would  be,  howerer,  quite  suffioieni 
for  eommercialy  and,  indeed,  for  most  purposes,  to  merely 
wtimate  the  peroenti^  of  oane  sugar,  fruit  sugar  (if  present), 
water,  and  ovganic  matter,  or  water  and  ash,  as  in  the  following 
SDaljsea: — 


TABLE  V.-COMP08inON  OF  RAW  BEETROOT  SUGARS 

OF  GOOD  QUAUTT. 


L 
SL 
3. 

4 
5. 

I   ^• 
,   7. 

10. 

I  I'- 
ll 

13. 

14. 

1& 

16L 

17. 

!& 

1ft. 

aa 

21. 


dev  Ii^t  mixed  product, 
li^t  mixed  product,    . 
Huf  white,  lot  prodnet, 
li^  mixed  prodnet^    • 


»f 


Half  white,  lot  product, 
CSeer  white,  letprodact, 
Lig^t  mixed,  1st  product, 
dear  light  mixed,  lot  product, 
Clear  light,  1st  product, 
dear  light,  1st  product 
dear  yellow  mixed  product. 
Yellow  mixed  product, 
dew  yellow  mixed  product, 
dear  yellow,  1st  product, 
Yellowish  mixed  product,     • 
Yellow  mixed  product. 


9t 


f> 


TeDowiah 


99 


Yellow  mixed  product, 
Light  mixed  product,  , 
Tdlow 


M. 
26i 
21 
«7. 
28. 
2ft. 
aft. 
3L 


•  9 


99 
99 
9* 


99 
99 
99 


TeDowiah  mixed  product, 
TeDowiah  brown,  Snd  prodnct, 
TaDow,  1st  product,    . 
TaDow  mixed,  1st  product,  . 
lisht  yallow,  Ist  orodaot,    • 
TAow  mixed  ptoauct, 
Brownish,  2nd  product. 


Oftno 

Organto 

8ag»n. 

M»tter. 

Percent. 

Percent 

850 

1-6 

930 

2-0 

94*3 

2-3 

93*5 

2-4 

94-4 

31 

96-1 

2-3 

92-0 

3-7 

93*5 

30 

92^ 

2-3 

93-1 

3-3 

94-0 

3-0 

92-0 

3-0 

92-0 

2-4 

92-0 

3-2 

937 

2-6 

91-8 

2-9 

930 

3-5 

93-4 

2-9 

93-0 

2-3 

93-0 

87 

93-0 

3-3 

91-6 

3-0 

90-7 

4-6 

93-8 

2-1 

92-5 

2-4 

90-0 

4-3 

91-3 

51 

92-4 

3-5 

89-5 

4-0 

92-0 

2-8 

89-6 

4-3 

89-0 

6-3 

STH) 

6*2 

Water. 
Percent 


2-0 
2-3 
2-5 
8*3 
2-2 
3-4 
2-8 
2*8 
2-6 
3-0 
2-9 
2-3 
3-5 
31 
2*8 
3-6 
27 
2-3 
2-9 
31 
27 
3-0 
4-3 
2*8 
3-5 
37 
2*5 
2-6 
37 
3-4 
3-8 
3-0 
4-1 
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TABLE  VL-SOME  ANALYSES  BY  MB.  HALSE  OF  G0KCBETE3. 


CuieSiigir. 
Peroent 

Sogir. 
Far  oat 

PiroMit. 

A^ 
Pwoent 

1. 

87-20 

4-00 

4-50 

1-38 

2. 

89-60 

1-90 

5«) 

-85 

3. 

90-20 

1-96 

4-03 

-90 

4. 

9170 

8-30 

2*15 

-88 

5. 

87-00 

5-00 

4-72 

1<24 

6. 

95-10 

1-40 

1*56 

-86 

7. 

94^ 

1-70 

2-21 

116 

8. 

92-50 

1-92 

2-70 

1-18 

The  dififcrence  between  the  totals  and  100  would  be  returned 
as  "  unestimated  matters  and  loss." 

The  methods  of  estimating  the  different  kinds  of  sugar  are 
fully  considered  in  the  next  section,  and  it  only  remains  to 
detail  the  best  methods  of  taking  the  ash  of  a  sugar. 

There  are  two  methods  of  taking  the  ash  of  sugar. 

The  one  is  simply  to  bum  the  ash  in  the  ordinary  way  in  a 
platinum  dish  heated  to  redness  in  a  current  of  air.  In  the  case 
of  all  substances  like  sugar  or  starch,  this  method  is  very 
tedious,  and  without  doubt  there  is  some  loss  by  volatilisation. 
Landolt*  determined  the  amount  of  this  volatilisation  by  a  series 
of  careful  experiments,  and  gives  the  following  Table  (VII.), 
which  may  be  used  as  a  guide  to  the  correction  of  the  final  weight 
of  the  ash. 

A  method  recommended  and  practised  by  Scheibler  was  to 
moisten  the  ash  with  sulphuric  acid,  whereby  the  combustion 
is  much  hastened,  and  the  bases,  being  obtained  as  sulphates, 
approximate  more  nearly  in  weight  to  that  of  the  organic  salts 
naturally  in  the  sugar,  which  in  the  other  method  are  obtained 
as  carbonates.  It  has  also  been  proposed  to  precipitate  the 
sugar  with  acetate  of  lead,  and  thus  obtain  the  lead  salts  of 
the  organic  acids.  The  lead  compounds  are  decomposed  in  the 
usual  way,  and  the  acids  set  free  titrated  by  potash.     The  potash 


*  Landolt,  H.,  Jounk  F&r  Praktiache  Chem,,  cm.    Also,  "Sugar  Caoe, 
J873. 
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eomfainAtion  approximates  somewhat  more  closelj  to  the  actual 
aslts  of  the  sugar. 

TABLE  VII. 


Wfllclitoff 
BflSdna. 

LoM  hj  HeatlDg  after 

Eilf  anHoor 

One  Hour. 

One  and  a  Half 
Hoon. 

Two  Horn*. 

•01  gnn. 

■002  gnn. 

■004  grm. 

•006  gmie 

■008  gnn. 

-02    „ 

•002    „ 

•004    „ 

•007    „ 

•008    „ 

<»    „ 

•002    „ 

■005    „ 

•m  „ 

•010    „ 

^    „ 

•003    „ 

■006    „ 

•009    „ 

•012    „ 

i>5    .. 

•004    „ 

■007    „ 

•on  „ 

•016    „ 

■06    „ 

•004    „ 

•008    „ 

■013    „ 

•017    „ 

-07    „ 

•005    „ 

•010    „ 

•016    „ 

•019    „ 

•06   „ 

•006    „ 

•010    „ 

•016    „ 

•020    „ 

Bat  the  best  of  those  methods  which  attempt  to  reconstruct 
firom  the  ash  the  original  salts,  is  probably  that  of  Laugier, 
alreadj  described  at  p.  102.  Laugier  extracts  the  organic  acids 
hj  ether,  and  then  adds  them  to  the  ash,  and  evaporates 
them  down  with  it.  As  to  raw  beet  sugar  ash,  the  experiments 
of  Landolt  appear  to  show  that  simply  multiplying  the  potassic 
eurbonate  found  by  2,  gives  the  amount  of  organic  salt  from 
which  it  was  derived.  •  His  experiment  was  as  follows : — Two 
pounds  of  syrup  were  fully  precipitated  by  lead  acetate,  then 
deoomposed  by  SHj,  and  exactly  neutralised  by  potash.  The 
sdatioa  was  next  partly  evaporated,  passed  through  animal 
diaroo&l,  and  dried.  It  gave  the  reactions  of  chlorine,  and  of 
ozalicy  malic,  and  tartaric  acids,  with  a  trace  of  sulphuric  acid. 
Three  separate  portions  were  now  carbonised,  and  the  proportion 
lor  erery  one  part  of  organic  salt  of  carbonate  of  potash  was— - 
in  experiment  1,  2*04;  in  experiment  2,  2*05;  in  experiment 
3, 1*98  :  the  mean  of  the  three  being  2*08. 

^  §70.  Glucose, Dex^ose^Dextro-ghicosey  Orape Sugar,  Q^^fi^fi 
— ^The  rotatory  power  of  glucose  is  56°.  It  is  soluble  in  100 
purts  of  cold  water,  and  very  soluble  in  boiling  water;  it  is 

*  Or  if  SGheiUer^B  prooefls  be  followed,  the  alkaline  anlphates  may  be 
nltipiiedl7l-54 
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flolnble  in  gljoerinay  lA  4baQt  two  Mrte  cf  Mvttilad  Apirfi,  and 
two  of  am jUc  alcohol ;  bat  it  is  inflolnble  in  ether  and  in  chloro- 
form«  Dextrose  is  widel j  nwead  in  the  T^g^ble  kingdom,  but  is 
never  found  nnaooompanied  b J  lernloee.  i)eztroae  is  artifioially 
obtained  by  heating  oarbo-hjdrateSy  saoh  as  starbh  or  cane 
sugar,  with  acids ;  in  soeh  oases,  it  is  aooompanied  by  deztrincy 
from  which  it  is  difficolt  to  purify  it.  According  to  Hoppe43eyler, 
indeed,  it  cannot  be  obtained  pure,  save  from  diabetic  urine, 
and  the  specific  rotation  usually  j^ven  is  erroneous.  He  has 
separated  pure  grape  sugar,  dextrine  free,  from  diabetic  urine, 
and  gives  its  polarisation  as  53**0.  This,  howoTor,  agrees  very 
nearly  with  that  given  by  Tollens,  who  ascribes  to  anhydrous 
dextro-glucose  a  specific  rotation  of  03^*1,  and  to  the  dextrose 
with  its  water  of  crystallisation  a  specific  polarisation  of  4S**-27. 

The  best  way  to  obtain  dextrose  from  cane  sugar  in  a  pure 
state  is,  according  to  Soxhlet,  the  following : — 3  litres  of  90  per. 
cent,  alcohol  and  120  cc.  of  concentrated  hydrochloric  acid  are 
made  to  act  at  45"  C.  for  two  hours  on  1  kilo,  of  cane  sugar. 
After  ten  days,  crystals  of  dextrose  form,  when  the  liquid  may 
be  coDcentrated  by  distillation,  and  the  crystals  which  have 
formed  removed.  In  a  few  days,  the  whole  of  the  dextrose  will 
have  been  deposited  as  a  white  powder.  The  crystals  are  washed 
with  90  per.  cent,  alcohol  and  with  absolute  alcohol,  and  crystal- 
lised out  of  the  purest  methyl-alcohol..  Crystallised  grape  sugar 
is  in  the  form  of  little  masses  of  six-sided  tables,  which  melt  at 
86^,  and  lose  at  100^  their  water  of  crystallisation. 

§  71.  LevtUase  (or  Levu{fiuea8e)  is  isomeric  with  dextrose, 
but  distinguished  from  it  by  its  action  on  a  ray  of  polarised 
light — turning  to  the  left,  instead  of  to  the  right:  —  lOo  at  14", 
-  53*  at  90*.  It  is  obtained  in  company  with  dextrose  when 
sugar  is  ''  inverted"  by  the  action  of  a  dilute  acid.  To  isolate 
levnlose  the  acid  must  be  got  rid  of;  for  example,  if  hydro- 
chloric acid  has  been  used,  it  is  precipitated  by  silver  solution ; 
if  sulphuric,  by  baryta  water,  &c.  The  solution  of  invert  sugar 
must  be  about  10  per.  cent,  strength.  To  every  100  cc  6  grms. 
of  freshly  burnt  lune  must  be  added,  and  the  whole  shaken. 
By  artificially  cooling  the  solution  with  ice,  a  crystalline  magma 
is  obtained,  and  by  filtration  the  more  soluble  dextrose  lime- 
compound  can  be  obtained  from  the  less  soluble  levnlose  lime- 
oompound.  The  sugar  thus  obtained  can  be  freed  from  lime 
by  carbon  dioxide. 

Levulose  is  uncrystallisable,  but  in  has  not  been  found 
possible  to  separate  it  entirely  from  the  crystalline  ghioose,  by 
crystallising  the  latter  out  of  ik  It  presents  when  pure  dimply 
the  chAmcten  of  a  colourless  syrop. 
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ESTIMATION  OF  SUGAR. 

§  72L  Sugar  is  estimated  bj  chemical  processes,  by  the  specific 
graTitj  of  the  solntion,  by  the  estimation  of  the  CO^  evolved  in 
ski^olic  f<nrmentation,  and  by  certain  physical  processes. 

It  is  only  possible  to  estimate  percentages  of  sugar  (especially 
cane  sugmr)  from  the  specific  gravity  of  the  solution  when  the 
€urij  pare  sugar  is  dissol^^d  in  pure  water,  so  that  this  method 
ii  of  but  Umited  utility,  and  seldom  employed  by  the  analyst. 
The  fermentation  process  is  too  tedious  and  inconvenient  ever  to 
eome  into  general  practice^  and  will  theiefove  not  be  described. 


(1.)    Chemical  Processes  depending  upon  the  Precipitation  of  t/is 
Suboxide  of  Copper  from  a  Copper  Solution  by  Grape  Sugar. 

The  most  general  of  the  numerous-  processes  under  this  head 
is  that  of  Fehling,  which  requires  a  solution  of  cupric  sulphate 
and  Rochelle  salt,  alkalised  by  soda.  34*64  grms.  of  pure  crystal- 
lised cupric  sulphate,  previously  powdered  and  pressed  between 
blotting-paper,  are  dissolved  in  200  cc  of  distilled  water ; 
174  grms.  of  Rochelle  salt  are  dissolved  in  400  cc.  of  a  solution 
of  pure  caustic  soda,  specific  gravity  1*14  ;  the  two  solutions 
are  now  mixed  and  made  up  to  1  litre.  The  liquid  should  be 
preserved  in  bottles  protected  from  the  light,  and  absorption  of 
carbon  dioxide  from  the  air  should  be  provided  against. 

On  account  of  the  slight  instability  of  this  solution,  A.  Soldaini 
has  proposed  the  following  : — 416  grms.  of  potassium  bicar- 
bonate,  15  grms.  of  dry  basic  cupric  carbonate,  and  1400  grms.  of 
distillcMl  water  are  heated  together,  the  liquid  being  continually 
replaced  ;  when  the  evolution  of  00^  has  nearly  ceased,  the 
liquid  is  made  up  to  its  original  volume  with  water,  filtered,  and 
concentrated  down  to  800  cc.  Such  a  solution  is  not  reduced  by 
light  or  the  carbon  dioxide  of  the  air :  it  is  unaltered  by  pro- 
longed boiling,  and  may  even  be  evaporated  to  dryness  without 
decomposition.  It  is  reduced  by  formic  acid,  levulose,  glucose, 
and  lactose,  and  can  be  used  for  quantitative  purposes  in  the 
same  way  as  "  Fehling." 

Cane  sugar  cannot  be  estimated  directly  by  "  Fehling,"  since  it 
does  not  reduce  copper  solution  j  by  boiling  with  dilute  add  it 
is,  however,  changed  to  inverted  sugar,  which  reduces  copper  or 
mercury  in  exactly  the  same  proportion  as  glucose. 

Stardi  and  starchy  substances  may  be  also  changed  into  sugar 
by  boiling  for  several  hours  with  a  dilute  acid.  The  following  is 
a  convenient  method : — Two  or  three  strong  assay  flasks  are 
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taken,  and  in  each  is  placed  from  '5  to  1  grm.  of  the  Babetance 
to  be  examined,  witib  60  to  60  oa  of  deoinormal  salphmnc  aoid ; 
the  flasks  are  stojmered  with  oaoutehouo  oorka,  tied  down  with 
strong  string,  and  capped  with  linen  or  oanTaSy  and  the  whole 
suspended  in  a  water-bath  and  heated  tot  from  aix  to  eight  honra. 
At  the  end  of  four  hours  one  of  the  flasks  maj  be  teken  out, 
cooled,  opened,  and  titrated ;  and  at  the  end  df  six  hours  the 
second.  If  there  is  no  marked  increase  in  the  amount  of  sugar 
between  the  first  and  the  second,  the  operation  is  finished ;  but 
in  any  other  case  the  third  flask  should  be  heated  for  another 
four  hours  before  being  examined.  100  parts  of  grape  sugars 
90  of  starch. 


(2.)   Vclwnetric  Ptooeaaea  by  the  aid  of  SoluUona  of  emiain 

SctUa  of  Mercury. 

Knapp's  mercnric  cyanide  solution  is  made  by  dissolving  10 
grms.  of  mercuric  cyanide  in  about  600  cc.  of  water,  then  adding 
100  cc.  of  caustic  soda  solution  of  specific  gravity  1  '145,  and  dilut- 
ing to  1  litre.  40  cc.  of  the  mercury  solution  are  placed  in  a 
flask,  heated  to  boiling,  and  the  solution  containing  sugar  run 
in  gradually  from  a  burette,  four  parts  of  mercuric  cyanide  being 
reduced  to  metallic  mercury  for  every  one  part  of  anhydrous 
grape  sugar  (or,  3*174  parts  of  metallic  mercury  s  1  anhydrous 
grape  sugM:).  The  ending  of  the  process  is  discovered  by 
moistening  filter-paper  with  the  clear  solution,  and  holding  quite 
close  to  it  a  rod  dipped  in  ammonium  sulphide  solution;  a 
decided  brown  coloration  takes  place  if  the  mercury  salt  is  in 
excess ;  but  if  the  colour  is  very  faint,  the  operation  is  finished, 
for  it  appears  to  be  impossible  to  decompose  the  whole  salt,  a 
trace  always  remaining,  and  for  this  reason  the  solution  should 
be  standardised  with  sugar. 

A.  Sacchse  uses  the  following  solution  for  the  estimation  of 
sugar : — 18  grms.  of  pure  dry  mercuric  iodide,  and  25  grms.  of 
potassic  iodide  are  dissolved  in  water,  a  solution  of  80  grms. 
of  caustic  potash  is  added,  and  the  whole  made  up  to  1  litre. 
40  cc  of  this  solution  [  =  0*72  grm.  HglJ  are  boiled  in  a  basin, 
and  the  solution  of  grape  sugar  is  run  in,  until  the  whole  of 
the  mercury  is  precipitated.  The  final  point  is  determined  by 
spotting  a  drop  of  the  supernatant  liquid  on  a  white  slab,  and 
there  bringing  it  into  contact  with  a  drop  of  a  strongly  alkaline 
solution  of  stannous  chlonde.  The  production  of  a  brown 
oo\o\a  shows  the  presence  of  unprecipitated  mercury. 
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{  73.  Some  recent  researches  of  F,  Soxhlet*  bear  upon  the 
behaTiour  of  the  different  kinds  of  sugar  with  the  solutions  just 
described.  These  experiments  are  of  the  more  importance  since 
^ey  were  made  with  the  most  scrupulous  care,  and  with  the 
purest  materials,  while  the  testing  was  done  under  varied  con- 
ditioDs. 

Invert  Sugar, — Pure  invert  sugar  he  prepared  by  dissolving 
ctne  sugar  which  had  been  purified  by  thrice  crystallising  out 
of  water,  and  dried  at  50°  in  a  vacuum  over  calcic  chloride.  9*5 
gtms.  were  dissolved  in  700  cc.  of  boiling  water,  to  which 
had  been  added  100  cc.  of  hydrochloric  acid,  containing  '72 
of  HCl,  and  heated  in  the  water-bath  for  half  an  hour.  The 
tiquid  was  finally  neutralised  with  soda,  and  diluted  to  one  or 
two  litres  as  might  be  required.  He  found  that  invert  sugar 
reduced  Fehling's  solution  almost  at  once,  and  that  in  all  cases 
two  minutes  were  sufficient,  no  advantage  being  gained  from 
a  longer  boiling ;  nor  did  it  appear  to  matter  whether  the  sugar 
was  added  to  the  liquid  cold,  and  then  boiled  up,  or  the  sugar 
added  to  the  boiling  liquid. 

Soxhlet  drew  from  this  experiment  the  following  conclusions : — 

1.  The  proportion  in  which  invert  sugar  reduces  copper  oxide 
is  essentially  influenced  by  the  concentration  of  the  liquid. 
Dilution  of  the  copper  and  sugar  solution  lowers,  excess  of 
copper  raises,  the  reducing  power.  *5  grm.  invert  sugar  in 
1  per  cent,  solution  corresponds  to  101*2  cc.  of  undiluted  Fehling's 
solution ;  but,  if  Fehling  is  diluted  with  four  times  its  volume 
of  water,  then  the  same  amount  of  invert  sugar  is  equivalent  to 
97*0  c&  of  Fehling:  in  the  one  case  the  proportion  in  equivalents 
being  as  1 :  10*12,  in  the  other  as  1  :  9*70. 

2.  In  the  titration  of  an  invert  sugar  solution,  the  first  cc. 
of  the  sugar  solution  flowing  into  the  copper  reduces  more 
copper  than  the  next,  and  the  last  cc.  has  the  smallest  reducing 
power,  because  the  first  has  the  greatest  excess  of  copper  solu- 
tion to  act  upon,  and  the  last  the  smallest.  It  hence  follows 
that  the  reduction  proportion  is  not  constant  throughout  the 
operation,  but  is  continually  falling,  and  that  the  values  are 
purely  empirical,  and  only  correct  by  operating  always  with  the 
same  concentration  of  copper  and  sugar  solution. 

3.  The  accepted  view  that  1  equivalent  of  invert  sugar  reduces 
10  of  CuO  is  wrong.  '5  of  invert  sugar  does  not  reduce  100  cc. 
of  Fehling's  solution  diluted  with  4  of  water;  97  or  100  cc. 
of  Fehling  are  not  equivalent  to  *500  grm.,  but  to  *515. 

MUk^ugar. — Similarly  with  regard  to  milk-sugar,    he    gives 

•  J<mrwd  f.  Prakt.  Chemie,  N.F.  xxL,  227,  317  ;  ZeiUchrift.  /.  Analyt. 
Ckemk,  zz.  42S. 
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the  reduction  propmrtion  in  eqaiYalents  as  1  is  to  7*40,  or 
*5  grm.  of  milk-sugar  in  1  per  cent  sedation  is  equal  to  74  cc. 
of  Fehling's  solution.  Dilation  of  the  solution,  or  ooncentrationi 
has  a  simUar  action  to  that  of  inrert  sugar,  but  smaller  in  degree. 
(See  article  on  *'  Milk") 

Galactose. — Galactose  reduces  FehUng  as  quiddiy  as  invert  or 

frape  sugar.  *5  of  galactose  is  equiyalent  tO'98  oe..of  undiluted 
ehling.  If  the  latter  be  diluted  with  four  times  its  volume  of 
water,  then  it  corresponds  to  94  oa  The  reduction  ratio  in 
equivalents  is  as  1 :  9*8|  and  as  1  ^9*4  in  the  seqpeotive  cases 
mentioned. 

MaUaae. — The  behaviour  of  maltose,  acoordmg  to  Soxhlet^  is 
as  follows :-. — 

Maltose  has  the  smaUest  reducing  power  of  all  the  sugars.  It 
reduces  the  copper  solutions  more  slowlj  than  grape,  invert, 
and  galactose,  but  more  rapidly  than  milk  sugar.  -5  gem.  of 
maltose  in  1  per  cent,  solution  equals  64*2  undiluted  Fehling ; 
and  the  same  quantity  corresponds  to  67*5  Fehling,  if  the  Fehling 
is  diluted  with  four  times  its  volume  of  water.  It  is  remarkable 
that  dilution  of  the  solutions  increases  the  reducing  power  ; 
while,  with  regard  to  undiluted  Fehling,  excess  of  copper  appears 
to  have  no  influence.  This  £a«t  affords  an  easy  way  of  estimat- 
ing maltose  by  weight ;.  for  there  is,  under  these  circumstances, 
and  operating  with  1  per  cent,  maltose,  only  one  ratio,  viz. — 
100  of  anhydrous  maltose  equalling  113  copper.  It  is,  of  course, 
necessary  to  make  sure  that  the  copper  solution  is  in  excess. 
The  fluids  are  mixed  cold,  boiled  for  four  minutes ;  the  sub- 
oxide collected  on  an  asbestos  Alter,  reduced  in  a  current  of 
hydrogen,  and  weighed  as  metallic  copper ;  or  it  is  also  open  to 
the  analyst  to  redissolve  the  copper  from  the  filter  by  an  acid, 
and  precipitate  on  a  platinum  dish  by  electrolysis. 

Soxhlet  has  also  investigated  the  behaviour  of  the  solutions 
described  with  various  sugars,  and  gives  the  number  of  cc.  of 
the  quicksilver  solution  reduced  by  1  grm.  of  the  different  sugars 
when  dissolved  so  that  the  solutions  are  of  1  per  cent,  strength. 

Knftpp.  Saochse. 

Grape  sugar, 497*5  cc      302*5  cc. 

Invert  sagar, 502*5  376*0 

Levalose, 508*5  449*5 

Milk-sngar, 322*5  214*5 

Qalactose, 413*0  226*0 

Changed  milk-sngar,         ....  448*0  258*0 

MaltoM^ 317*5  197*6 

Or,  if  the  reducing  power  of  grape  sugar  be  taken  as  100,  th«i 
ibe  other  sugars  may  be  thus  compared — 
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Fehling  andilated. 

KiMpp. 

Saoohaa. 

Grmpe  sugar, 

100-0  oc 

100*0  oc. 

100-0  00. 

IiiTeri  sngar, 

96-2 

99-0 

124*5 

Levuloee,     . 

92-4 

102-2 

148-6 

Milk-sngar, 

70-3 

64-9 

70-9 

Gdbctoee,    . 

93-2 

830 

74-8 

Ghanged  milk' 

sugar,    , 

96-2 

900 

85-5 

MaltoM, 

• 

610 

63-8 

65-0 

Ab  to  the  recognition  of  the  kind  of  sugar,  Sacchse's  solution 
differs  in  its  behaviour  with  the  various  kinds  more  than 
Knapp's  solution,  and  is,  therefore,  the  best  adapted  for  this 
purpose. 

These  solutions  possess  no  advantage  over  Fehling's  in  the 
estimation  of  sugar,  if  one  kind  only  is  present ;  but  where 
there  are  two  kinds  of  sugar  in  one  sample,  or,  again,  where  the 
identity  of  the  sugar  is  doubtful,  then  the  mercury  methods  are 
of  very  great  use  and  in^portance.  Sacchse  recommended  the 
use  of  his  method,  combined  with  that  of  Fehling,  to  determine 
the  relative  proportions  of  grape  and  invert  sugar  in  a  mixture. 
He  considered  that  grape  and  invert  were  reduced  by  Fehling 
in  exactly  equal  proportions,  and  by  his  mercury  solution  in 
unequal  proportions  ;  but  the  researches  of  Soxhlet  just  detailed 
show  that  Fehling  does  not  act  in  the  way  assumed  by  Sacchse, 
so  that  the  calculation  for  the  amount  of  sugar  in  a  liquid  by 
the  combined  method  is  somewhat  different,  and  must  be  done 
according  to  the  following  equations. 

The  general  formula  is — 

ax  +  by  =  ¥, 
ex  +  dy  =  S, 

a  is  the  number  of  cc.  Fehling's  solution,  reduced  by  1  grm. 
of  grape  sugar. 

b  is  the  number  of  cc.  Fehling's  solution,  reduced  by  1  grm. 
of  invert  sugar. 

c,  the  number  of  cc  Sacchse's  solution,  reduced  by  1  grm.  of 
grape  sugar. 

d,  the  number  of  cc.  of  Saochse's  solution,  reduced  by  1  grm. 
of  invert  sugar. 

F,  the  number  of  cc.  of  Fehling's  solution,  used  by  1  volume 
of  sugar  solution. 

S,  the  number  of  cc.  of  Sacchse's  solution,  used  by  1  volume 
of  sugar  solution. 

X,  the  amount  of  the  grape  sugar  in  grammes  contained  in  a 
volume  of  the  sugar  solution. 


i?; 
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y,  the  amount  of  tbe  inreit  sugmr  m  gmnmes.  oontttned  in  a 
Yolame  of  the  sugar  solatioin. 

Since,  with  the  titration  of  the  mixed  sugar  soliitioikSy  equal 
amounts  of  the  mercury  and  oopper  solnlioBS  are  taken,  which 
use  up  unequal  amounts  of  the  sugar  solntioay  it  la  most  con- 
venient to  calcnlate  the  number  of  co»  of  Baachsa  and  Fehling 
equivalent  to  100  ca  of  the  sugar  solution. 

Putting  Soxhlet^s  values  in  place  of  the  iymbols,  the  equa^- 
tion  for  grape  and  invert  sugar  becomes  as  £dUowB(>-« 


2I0-4a;  +  202-4y  =  r 

aso-sx  +  ao6%  ==  s 


Or  if  the  mixture  is  lactose  and  gnqpe  suga^  tha-equaticQ  is — 

210-40;  +  196%  =  P 
330-5a;  +  442-Oy  =  S. 

Therefore,  since  the  F  and  S  are  found  experimentally,  then 
there  are  only  two  unknown  quantities,  which  are  easily  cal- 
culated by  the  ordinary  rules.  It  is  scarcely  necessary  to  ob- 
serve that  the  same  calculation  applies  to  Knapp's  solution,  if 
the  proper  values  are  substituted  in  the  formula.* 

.  Soxhlet's  method  of  using  Fehling's  solution  is  as  follows  : — 
50  cc.  of  Fehling's  solution  ^tre  heated  to  boiling,  and  the  sugar 
solution  run  in,  in  the  usual  way,  until  the  blue  colour  disappears. 
This  gives  the  approximate  strength  of  the  solution,  and  it  must 
be  now  diluted  so  that  there  will  be  about  1  per  cent,  of  sugar 
in  the  solution.  A  second  50  cc.  are  now  taken  and  heated  with 
the  exact  number  of  cc.  of  the  solution,  which  (supposing  it  to 
be  accurately  1  per  cent.)  would  throw  down  all  the  copper. 
This  heating  is  to  occupy  two  minutes  for  invert  sugar,  grape 
sugar,  and  lactose  ;  four  minutes  for  maltose ;  and  six  minutes 
for  milk-sugar.      The  whole  fluid  is  now  poured  on  to  a  large 


• 

100 

CO.  of  Knapp's  solntioii 
are  rednoea  by 

100 

cc.  of  Saochse's  sdution 
are  reduced  by 

Anbydrooa. 

MilUgnummeai 

MUUgmmmea. 

Grape  sugar, 
Invert  ragar, 
Levuloee,    . 
Milk,         .        . 

2010 
199-0 
197-0 
310-0 
242-0 
316^ 

330-5 
2660 
222-5 
466-0 
442-0 
606-0 
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filter ;  if  the  filtrate  is  greenish,  copper  is  of  course  present ;  but 
if  it  is  yellow  still  there  may  be  copper  dissolved,  and  a  little 
must  be  tested  in  a  test-tube  with  acetic  acid  and  ferrocyanide 
of  potash  solution.  A  dark  red  colour  shows  a  large  amount, 
s  pale  red  a  small  amount ;  but  if  there  is  no  colour  at  all 
the  copper  is  precipitated,  if  copper  was  in  the  solution*  In  the 
next  experiment  a  slightly  larger  amount  of  sugar  is  used,  but 
if  free  from  copper  then  in  the  next  assay  1  cc.  of  sugar  solution 
leas  is  taken.  These  titrations  (which  are  very  rapidly  executed) 
are  continued  until  in  two  experiments  the  addition  or  subtrac- 
tion of  1  cct.  gives,  on  the  one  hand,  a  copper-free,  and,  on  the 
other,  a  trace  of  coppeiHSontaining  liquid.  In  dark  liquids  the 
ferroeyanide  and  other  tests  of  the  kind  are  unsuitable ;  but  in 
such  a  case  a  few  drops  of  the  filtrate  are  put  in  a  test-tube, 
boiled  with  a  little  sugar  solution  for  a  minute,  and  then  put  on 
one  side  to  deposit  for  two  or  three  minutes.  The  fluid  is  now 
decanted,  and  a  little  piece  of  white  filter-paper,  which  has  been 
pireviously  wound  round  a  glass  rod,  wiped  around  the  bottom, 
when  any  oxide  of  copper  which  has  been  deposited  adheres  to 
the  paper  in  this  way,  and  is  at  once  discovered. 

It  may  be  well  to  give  an  example  of  this  method  of  sugar 
titration  : — 10  grms.  of  commercial  starch  sugar  were  dissolved 
in  250  cc  of  water ;  of  this  solution  8  cc.  decolourised  50  cc.  of 
Fehling.  Now  50  cc.  of  Fehling  correspond  to  about  24  cc.  of  a 
1  per  cent,  solution  of  grape  sugar.  Hence,  to  make  a  1  per 
cent,  solution,  83*3  cc.  must  be  made  into  250  cc.  by  the  addi- 
tion of  water.  Six  experiments  were  now  made  with  this 
solution. 

(1.)  23  cc.  were  boiled  with  a  fresh  50  cc.  of  Fehling,  filtrate 
Uue-^^reen  ;  therefore,  much  copper  present 

(2.)  24  cc.  boiled  in  the  same  way,  filtrate  greenish, 

(3.)  25  cc.,  filtrate  yellow  ;  no  copper  reaction. 

(4.)  24*5  cc.,  filtrate,  with  ferroeyanide,  dark  red. 

(5.)  24*7  cc.,  filtrate  dear  red, 

(6.)  24*8  cc.,  filtrate  contained  no  copper. 

The  true  value,  therefore,  evidently  lies  between  24*7  and 
24*8  cc.  ;  that  is,  24*75  cc.  Now,  since  50  cc.  of  Fehling  is 
decolourised  by  23*75  cc  of  a  1  per  cent  solution  of  grape  sugar, 
24*75  cc  contain  *2375  grm.  grape  sugar,  and  250  cc.  (equalling 
83*3  cc  of  the  original  sugar  solution)  equal  2*399  grms.  : 
therefore,  250  cc  of  the  original  solution  (containing  10  grms.  of 
substance)  contain  7*20  of  grape  sugar,  and  the  amount  of  grape 
sugar  in  the  whole  is  72*0  per  cent 
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(3.)  Gravimetria  Procetset. 

Graviuietric  proctiaaea  must  be  substituted  for  rolumetric  in 
cases  in  which,  from  the  darkness  in  colour  of  the  flaid,  the  end 
reaction  would  be  difBctilt  to  obaervc.  One  of  the  best  is  th»t 
recommeDded  by  J>r.  Pavy.; — The  ordinary  Fehling'a  solution  ih 
boiled  in  alight  excess  with  the  substance  containing  glucose  or 
Inctose,  which  shoald  be  in  solution  in  about  1  per  cent,  strength, 
the  precipitate  of  suboxido  of  copper  immediately  collected  on  a 
filter,  made  by  packing  the  throat  of  a  funnel  with  glass  wool, 
the  suboxide  of  copper  diasolvud  by  b  little  peroxide  of  hydrogen 
and  a  drop  of  nitric  acid  ;  and  lastly,  the  copper  deposited  as 
c(ij){)er  on  a  tared  piece  of  platinum  foil  by  electrolysis  and 
weighed.  The  amount  of  copper  found,  nkultiplied  by  ~9^,  gires- 
its  equivalent  in  glucose.  Dr.  Pavy  recommends  for  the  elec 
trolysis  the  use  of  a  constant  battery,  consisting  of  an  outer  cfU 
charged  with  bichromate  of  potash  dissolved  *o  saturation  in 
dilute  sulphuric  acid,  an  inner  porous  cell  ooBtaining  a  little 
niei'cury  at  the  bottom  and  filled  up  with  water,  and  having  in 
its  centre  an  amalgamated  zinc  rod  dipping  into  the  mercury. 
In  the  outer  cell  are  two  carbon  plates.  However,  any  other 
battery  will  do,  or  an  ordinary  platinum  dish  may  be  coated 
with  the  copper,  as  described  in  the  article  on  the  "Estimation  of 
Copper"  in  the  second  volume  of  this  work.  The  method  is  also 
applicable  to  the  mercury  processes  just  detailed,  and  either  the 
excess  of  mercury  cyanide  in  a  solution,  er  the  precipitated 
mercury,  can  be  collected  on  gold  foil  or  gold  capsules. 

It  is  also  evident  that  the  copper  suboxide,  instead  of  being 
weighed  as  copper  or  oxide,  can  be  collected,  washed,  rediasolved, 
and  estimated  volu metrically.  One  of  the  best  methods  under 
these  particular  circumstances  is  to  collect,  as  before,  on  glass 
wool,  dissolve,  by  the  aid  of  a  gentle  heat,  in  a  solution  of  pure 
.ferric  chloride  with  the  addition  of  a  little  sulphnric  acid,  and 
then  titrate  the  solution  of  cuprous  chloride  by  a  previously 
standardised  solution  of  permanganate  of  potash. 


(4.)  Pkygical  Procesies  for  (A«  DtiarnwaalAon  of  Svgar. 

The  saccharimeters  in  use  are  numerous,  but  those  only  of 
Mitscherlich,  Soleil,  and  Jellett  will  be  described  here.  The 
polarising  instrument  of  Mitscherlich  is  extremely  simple.  (See 
fig.  14.)  It  consists  of  a  stationary  Nicol's  prism  in  a,  a  plano- 
aonvex  lens  in  b,  and  a  rotating  Nicol's  prism  e.     The  first  prism 
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poUrises  the  light,  and  the  use  of  the  second  is  to  indicate  the 
plane  of  the  polarised  ray  coming  from  the  first.  The  second 
prism  is  therefore  set  in  a  graduated  circle,  dd,  and  is  provided  with 
an  index,  /,  and  there  is  a  handle,  0,  which  turns  both  prism  and 
index.  If  the  index  be  either 
at  0*  or  180%  and  an  observer 
look  through  the  tubes 
towards  the  source  of  light, 
the  flame  is  seen  divided  by 
a  vertical  line  into  two  equal 
parts ;  if  now  the  tube,  sup- 
plied with  the  instrument, 
be  filled  with  the  liquid  to 
be  examined,  amd  interposed 
between  the  lens  and  the 
second  prism,  should  it  con- 
tain sugar  or  other  polarising 
substance,  the  black  stripe 
is  no  longer  in  the  middle  of 
the  field,  and  the  handle 
moving  the  index  and  prism 
must  be  turned  until  the 
black  stripe  is  seen;  or,  if  the 
stripe  is  broad  and  undefined, 
the  prism  is  turned  until  the 


Fig.  14. 


exact  point  is  reached  in  which  -blue  changes  into  red — the 
iodex  at  this  point  marking  the  amount  of  the  polarisation  by 
the  scale  and  the  direction ;  for  if  the  index  has  to  be  turned  to 
the  right,  the  polarisation  is  + ,  or  right-handed;  if  to  the  left  -  , 
or  left-handed. 

In  order  to  make  this  quantitative,  and  to  estimate  the  specific 
roiaUon  of  a  sugar  (i.e.,  the  number  of  degrees  of  rotation  observed 
when  1  grm.  of  the  sugar  is  dissolved  in  1  cc  of  fluid  and  observed 
hy  yellow  light  through  a  tube  1  decimetre  long),  it  is  necessary 
to  dissolve  a  known  weight  of  the  pure  sugar  in  water ;  then  if 
the  length  of  the  tube  be  known,  and  the  temperature  of  the 
solution  and  the  rotation  be  observed,  all  the  necessary  data  are 
obtained.  For  examjile,  let  the  rotation  =  a,  the  length  of 
the  tube  in  decimetres  =  1,  the  weight  of  substance  in  1  cc.  of 
fluid  =  p,  then  the  specific  rotation  for  yellow  light — 


trr 


^  *^       —pi 


the  sign  (a)>  being  in  use,  signifying  yellow  light.     Or,  to  take 
an  actual  example :  14-3  grms.  of  a  substance  dissolved  in  100  e^. 
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(-143  gna.  in  each  cc),  and  a  3  decimetre  long  tube  filled  witl 
tluB  liquid,  the  rotation  on  the  scale  being  16°  to  tlie  right,  thei 
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=  55'M, 


and  55'94  is  the  specific  rotation.  The  best  sourcs  of  light  for 
accurate  researches  is  a  Bunsen  burner,  in  the  middle  of  which 
there  is  a  little  pellet  of  sodium  held  on  a  wire.  Thia  source  of 
light  in  fomjulo!  is  aauaJIj  indicated  by  (a)„. 

Provided  there  be  only  one  sugar  in  the  fluid  under  investiga- 
tion, the  specific  rotation  of  which  is  known,  the  weight  of  tlie 
sugar  in  1  co.  of  the  fluid  is  estimated  by  the  following  formula  : 

P  =«-T-i)   where  a  equals  the  observed,  and  {a)  the   specilic 

rotation. 

SoUil'i  Sttecharimeier, 

Soleil's  saoohafimeter  (tee  Plate)  consistB  of  three  essential  parts, 
two  of  which  are  fixed  (fig.  1),  AB  and  CD,,  the  other  mOTahle, 
which  is  insertwl  between  B  and  C,  and  which  is  sometimes  the 
tube  BC,  20  centimetres  long  (fig.  2),  and  sometimes  the  tnbe 
BC  (fig.  3),  22  centimetres  long,  famished  with  a  thermometer, 
T.  These  tubes  are  destined  to  contain  the  saccharine  solutionB, 
the  value  of  which  is  to  be  determined. 

The  movable  parts,  are — 

(1.)  The  small  nwvahle  tube  D^D  (fig.  1),  carrying  the  eye- 
piece, which  focoaes  by  drawing  in  and  out 

(2.)  The  little  button  Y  (fig.  4),  serves  to  adjust  the  tero  of 
the  scale  with  the  zero  of  the  indicator. 

(3.)  The  large  milled  screwhead  on  the  vertical  axis  H  (fig.  1), 
by  which  is  rendered  uniform  the  tint  observed. 

(4.)  The  milled  ring  B  (figs.  1  and  3),  by  the  aid  of  which 
they  give  to  this  same  tint  the  colour  wliich  lends  itself  beat  to 
a  precise  valuation. 

(5.)  Lastly,  the  divided  scale  B.R  (fig.  4),  on  which  ig  read 
the  number  giving  the  richness  of  the  sugar  under  examination. 

The  details  of  operating  are  as  follows  : — The  lamp  is  adjusted 
so  that  its  light  traverses  the  axis.  A  tube  similar  to  that 
which  contains  the  saccarhine  solution  is  filled  with  pure  water, 
and  is  adjusted  in  the  place  provided  for  it  between  the  ocular 
and  objective  portion.  Then  applying  the  eye  at  D  (fig  1), 
the  tube  DD'  is  either  pushed  out  or  in,  until  the  field  is  seen 
divided  into  two  equal  halves,  coloured  with  one  and  the  same 
tint,  or  two  different  tints  separated  from  each  other  by  a  black 
line,   wbieh  sJiould  be  very  sharply  defined.    I^  as  generally 


Pig.  a 
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Iwppaiu,  the  two  lulf-disca  lutve  not  the  same  tint  of  skade,  the 
bi^  borizoDtal  button  H  is  turned  either  way  until  the  deBired 
icmlt  is  obtained. 

It  is  not  only  necessuy  that  the  two  half-discs  ihftiild  have 

L  the  luoe  tint  or  colour,  but  in  order  to  be  extremely  exact,  that 

tint  shoold  be  the  one  most  sensible  to  the  eye  of  the  obserrer; 

and  aa  all  eyes  are  not  equally  Beosible  to  the  same  tint,  the 

proper  colour  mnst  be  found  by  experiment. 

The  lero  line  on  the  scale  must  coiacide  exactly  with  the  black 
line  of  the  indicator  I  (fig.  4).  If  tlie  coincidence  is  not  perfect, 
it  may  be  established  by  tunung  either  way  the  little  button 
V  until  this  is  accomplished. 

The  instroment  once  adjusted,  the  examination  of  the  sugar 
may  be  comtneneed. 

The  tube  BC,  filled  with  the  socchsrine  solution,  is  substituted 
for  that  filled  with  watev,  or  if  an  inverted  sugar  is  taken,  then 
B"?  is  filled.  On  now  looking  through  the  iastrument,  it  is 
seen  that  uniformity  of  tint  no  longer  exists,  and  that  the  two 
half-discs  are  coloured  by  different  ehades.  The  uniformity  in 
re-established  by  turning  the  large  horizontal  button  H  until 
the  two  half-discs  are  again  uniform. 

A»  the  saccharine  solution  is  mostly  colouited,  the  uniform 
tint  re-established  is  not  in  general  the  sensible  tint,  to  which, 
however,  it  is  necessary  to  return,  and  which  the  oolour  of  the 
solution  has  caused  to  disapj)ear.  The  milled  head  B  is  then 
turned  to  cause  the  trntKiU  tint  to  reappear  ;  this  tint  returned, 
the  equality  of  shade  of  the  two  half-discs,  if  not  quite  perfect, 
must  be  made  so  by  turning  again  H.  It  now  only  remains  to 
read  the  degree  on  the  scale  ER',  to  which  the  index  auswers  ; 
the  number  corresponding  to  this  degree  gives  immediately  in 
lOOths  the  litre,  or  the  richness  of  the  solution. 

The  preparation  of  the  saccharine  solutions  is  as  follows  : — 

(1.)  /formal  golutwis  of  pure  eugar. — 16'26  gnns.  of  pure 
sugar  are  dissolved  in  water,  the  volume  made  up  to  100  cc.,  and 
ubserved  in  a  tube  ^0  cma  in  length  j  marks  LOQ  degrees  on  the 
saocharimeter. 

(2.)  The  raw  mgar  of  commtree. — 16-26  grms.  of  the  sngar  are 
powdered  and  dissolved  in  water,  and  the  whole  made  up  to 
100  cc  ;  if  the  solution  is  too  dark,  it  may  be  clarified  by  sugar 
of  lead.  The  tube  BC  is  filled  with  the  solution  thus  prepared 
and  adjusted. 

(3.)  The  next  operation  ia  to  invert  the  sugar.  5  cc.  of  fum- 
ing HCl  are  added  to  60  cc  of  the  sugar  solution,  and  heated  in 
the  water-bath  up  to  68°C. ;  when  that  temperature  ia  reached, 
tbn  aolntion  is  put  in  the  tube  B'C,  Ma  rotating  powei  (.wbVi:^ 
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ia  now  inverse)  obsorved,  and  at  the  same  time  the  temperature 
at  the  moment  of  the  observation.* 

We  have  now  all  the  data  necessary,  and  the  amount  of  sugar 
may  be  readily  found  by  tables,  such  as  those  of  M.  Clerget,  or 
by  the  formula  as  below. 

Supposing  the  number  given  by  the  first  observation  is  75,  by 
the  second  (inverted)  21,  at  a  temperature  of  12°C.,  the  sum  of 
the  two  numbers  (75  +  21)  makes  96.  Now,  in  referring  to 
M.  Clerget'a  table,  under  12°,  or  in  the  third  column  corre- 
sponding to  the  temperature  of  12°,  the  nearest  number  to  9R 
is  in  this  instance  96'6 ;  the  horizontal  line  in  which  95-G  is 
placed  ia  followed,  and  there  is  found,  first,  in  the  column  A,  the 
figures  70  per  cent,  of  pure  crystalline  sugar ;  seuondly,  in  the 
column  B,  the  figures  114-46,  placed  by  tbe  side  of  70,  which 
indicates  that  the  saccharine  solution  examined  contains  per  litre 
114'45  grms.  of  pure  sugar.  If^  however,  as  sometimes  happens, 
the  solution  contains  a  polarising  eubstance  not  modified  by 
acids,  in  such  a  eaae  the  difiei-ence  of  the  two  numbers,  and  not 
the  Bum,  is  to  be  taken  and  dealt  with  as  before.  It  is  scarcely 
necessary  to  remark,  that  if  the  substance  ia  known  to  contain 
only  crystal  liaable  sugar,  and  the  tobe  BC  be  filled,  one  observa- 
tion alone  suffices. 

If  tables  are  not  at  hand,  the  following  formula  can  be  used  : — 
Let  T  be  the  temperature,  S  the  sum  or  difference  of  the  two 
determinations,  F  the  <rotatory  power,  R  the  quantity  of  sugar 
contained  ia  1  litre  of  the  solution  : — 

200S                  P  ^  16-3e0  _ 
P  =  ^g-z  T        R  = io~"  ~  ^  "  ***•  P™* 

Pro/tttor  JeUA£»  instrvmmU  is  a  little  more  elaborate  than 
Soleil'a,  and  of  great  accuracy.  The  eyepiece  or  analyser  of  the 
apparatus  consists  of  a  suitably  mounted  prism,  made  from  a 
rhombic  prism  of  Iceland  spar.  The  rhombic  prism  is  cut  by 
two  planes  peq>endicular  to  the  longitudinal  edges,  so  as  to  form 
a  right  prism.  The  prism  is  next  divided  by  a  plane  parallel  to 
the  edge  just  produced,  and  making  a  small  angle  with  the  longer 
diagonal  of  the  base.     One  of  the  two  parts  into  which  the  prism 

*  Mr.  AUeo,  takinft  Jato  accoDiit  the  fiMt  that  95  part*  of  cane  ni^ 
equal  100  parti  of  inverted  angar,  givea  the  ftiUowmg  •«  the  specific 
rotatory  power  of  the  principal  sugar* :-- 

Cane  sugar, -H    73-8" 

Invert  logM,  ....         -    25-6°  at  15° 

Dextrose, +    57«'' 

LevnloK, -  108-8°  at  IS' 

—AnaifH,  1880,  p.  190. 
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is  thus  divided  is  then  reversed,  so  as  to  place  the  base  upper- 
most, and  the  two  parts  are  connected  together. 

Another  distinctive  feature  of  the  instrument  is,  that  the 
mechanical  rotation  of  the  analyser  for  the  finding  of  any  par- 
ticalar  plane  is  dispensed  with,  this  function  being  transferred 
to  a  fluid  which  has  the  power  of  turning  the  plane  of  polarisa- 
tion opposite  to  that  of  the  solution  to  be  examined.  The 
analysing  tube  slips  into,  and  moves  up  and  down  in,  the  compen- 
sating fluid,  so  that  different  thicknesses  of  the  latter  fluid  can  be 
readily  interposed  and  measured  by  a  scale  fixed  to  the  instrument. 

The  Saceharim^tre  d  Penombrea,  of  which  the  principle  was 
enunciated  by  M.  Jellet,  as  constructed  by  M.  Duboscq,  has 
some  very  great  advantages.  It  requires  the  employment  of  a 
simple  light,  and  the  field  does  not  present  to  the  eye  for  com- 
parison two  different  colours,  but  two  intensities,  sensibly  diverse, 
of  one  and  the  same  colour,  so  that  the  least  variation  can  be 
appreciated.  The  simple  light  is  best  obtained  by  the  insertion 
of  a  bead  of  some  salt  of  sodA  on  a  platinum  wire  in  the  flame  of 
a  Bunsen  burner. 


CONFECTIONERY,— SWEETMEATS. 

§  74.  It  would  take  many  pages  to  describe  the  composition  of 
the  various  kinds  of  sweetmeats  in  commerce  :  the  basis  of  all 
is  either  cane  or  grape  sugar,  or  honey,  flavoured  with  appropriate 
essences,  and  coloured  with  various  colouring  matters.  A  great 
many  common  sweetmeats  have  a  most  definite  composition,  and 
it  is  evident  that  a  deviation  from  the  ordinary  process  of  manu- 
fiurtnre  must,  if  it  should  take  the  form  of  substituting  inferior 
articles  for,  or  the  addition  of  matters  giving  weight  to,  that 
which  is  ordinarily  sold,  would  be  an  adulteration.  As  an 
example  "peppermint  lozenges,"  or  "peppermint  drops,"  are 
composed  of  albumen,  cane  sugar,  and  oil  of  peppermint  None 
of  these  ingredients  have  any  amount  of  mineral  matter,  and 
peppermint  lozenges,  when  burnt,  do  not  leave  as  much  as  *2  per 
cent,  of  ash.  Since  they  are  sold  by  weight  it  is  easy  to 
adulterate  them  by  mineral  substances ;  but  such  an  addition 
would  be  most  decidedly  fraudulent,  and  the  analyst  may  justly 
certify  accordingly. 

A  large  proportion  of  the  common  sweets  contain  nothing  else 
besides  sugar,  for  the  manufacturer,  by  careful  heating,  is  able 
to  impart  a  quite  surprising  scale  of  colours,  from  the  purest 
white  to  fJEkwn  colour,  straw  colour,  reddish-brown,  brown,  to 
almost  a  jet  black,  by  this  agent  alone. 
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Sugar-Cakdt  is  simply  cryBttLi  of  sugar  obtained  in  a  partiou- 
lav  way,  and  is  of  all  coloars — ^firom  the  white  candy,  largely 
Ksed  for  the  manufiiM^ure  of  artificial  dhampagne,  to  all  shades  of 
yellow  and  red.  As  usually  mannfiurtured,  the  purified  sugar 
solution  is  concentrated  to  a  specific  gravity  of  1*420  to  1*450, 
and  then  run  into  copper  cones,  through  which  are  passed  a 
number  of  threads ;  these  cones  are  heated  with  warm  air,  and 
the  crystallisation  occupies  as  much  as  from  eight  to  fourteen 
days.  The  composition  of  white  candy,  made  from  pure  loaf- 
sugar,  is  as  follows  :— 

CrystalHsable  sugar,     ....  80*00 

Unoiyatallisable  sugar,  Traoea. 

Ash, 

Water,         ......  S0« 

The  coloured  candies  may  contain  some  mineral  matter,  and  a 
good  deal  of  uncrystalliaable  sugar ;  copper  may,  as  an  impurity, 
be  present. 

Compodtion  of  Sweetmeats  Generally. 

Toffy. — Toffy  is  the  melting  of  sugar  with  butter,  and  ether 
will  extract  a  large  amount  of  fat. 

The  ice-coating  of  cdkea  is  composed  of  white  sugar  and  albumen. 

A  great  many  sweets  are  acidulated  with  citric  acid,  and  a 
few  have  cavities  within  them,  supposed  to  contain  alcohol,  but 
really  a  little  syrup.  Gum,  tragacanth,  citric  acid,  fruit  sugar, 
gelatine,  albumen,  fatty  and  flavouring  matters,  with  the  follow- 
ing colouring-matters,  make  up  the  usual  harmless  ingredients  of 
the  confectioner's  shop  : — 

Red, — Cochineal,  carmine,  the  juice  of  beet  and  of  red  berries, 
such  as  cherries,  currants,  kc 

Yellow, — Saffron,  safflower,  turmeric,  marigold,  Persian  berries. 

Blue, — Indigo,  litmus,  saffiron  blue. 

ChreeTh, — Spinach  juice  and  mixtures  of  yellow  colours  with  blue. 

Black, — Chinese  ink. 

Besides  these,  there  are  the  aniline  colours,  which,  when  pui*e, 
have  not  been  proved  to  be  injurious. 

AncUyais  of  Sweetmeats. 

§  75.  The  analyst  will  naturally  first  turn  his  attention  to  the 
percentage  of  sugar,  and  estimate  the  total  amount  in  the  usual 
way;  and,  if  necessary,  investigate  by  optical  and  chemical  means, 
whether  there  is  more  than  one  kind  of  sugar  present.  The 
essential  oils  may  be  dissolved  out  by  petroleum  ether,  and 
identified  by  their  odour ;  but  the  colouring-matter  will,  for  the 
moist  part,  be  the  chief  substance  necessary  to  examine.     If  the 
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colouring  is  only  on  the  external  surface,  it  is  better  to  detach  it 
by  scraping  or  rasping,  than  to  powder  the  whole  substance  up, 
for  if  the  colour  is  carefully  detached  as  pure  as  possible,  tests 
may  sometimes  be  directly  applied  without  any  further  trouble. 
The  colour  by  treatment  with  alcohol,  with  water,  and  with 
bleaching  powder,  is  quickly  referred  either  to  the  organic  or  to 
the  inorganic  division  of  chemical  substances.  With  regard  to 
organic  colours  generally,  the  reader  may  consult  the  sections 
treating  of  "  Colour,"  where  full  directions  are  given  for  their 
identification.  If,  however,  the  colour  is  apparently  inorganic, 
then  the  following  substances  may  be  particularly  tested  for  : — 
Among  RED  colours — iron  ; 

„      YELLOWS — ehromcUe  of  barium,  and  lead  compounds, 

oflraenie  and  aflnUmony  ; 
„       GREEK — arsenic,  copper  ; 
BLUE — Prussian  blue  ; 
WHITE — sulphate  of  barium,  salts  of  zinc. 
A    weighed   portion  of   the  scraped-off  colouriog-matter  is 
burned  to  an  ash,  which  is  dissolved  in  hydrochloric  acid,  and 
tested  with  hydric  sulphide,  after  adding  just  sufficient  soda  to  so 
neutralise  the  acid  as  to  leave  only  a  slight  excess.    Under  these 
circumstances,  lead,  copper,  or  zinc,  if  present,  will  be  precipi- 
tated ;  while,  if  it  is  strongly  acid,  zinc  would  remain  almost 
entirely  in  solution.     Ammonium  hydrosulphide  is  next  added 
to  the  solution,  which  has  been  boiled  and  filtered  from  any  p're- 
cipitate ;  this  reagent  will  throw  down  iron,  manganese,  <kc.     To 
test  for  chromium,  it  is  best  to  boil  the  colouring-matter  with  a 
solution  of  carbonate  of  potassium,  when  potassic  chromate  will 
be  formed,  which  gives,  in  neutral  solutions,  a  purplish  precipi- 
tate with  nitrate  of  silver.     Barium  is  easily  detected  by  fusing 
the   ash  with  carbonate  of  soda,  dissolving  the  ash   in  dilute 
hydrochloric  acid,  and  adding  a  little  hydric  sulphate  ;  a  heavy 
characteristic  precipitate  of  barium  sulphate  is  thrown  down. 
If  barium  is  present,  it  may  exist  with  evidences  of  chromium, 
in  which    case,   in  all  probability,   the  colouring-matter    was 
chromate  of  barium,  or  if  the  sweetmeat  is  not  coloured  by 
barium  chromate,  baryta  sulphate  may  have  been  added  simply 
to  give  weight.     Arsenic  and  antimony  are  best  discovered  by 
boiling  a  little  of  the  colouring-matter  with  copper-foil  [Reinsch's 
test] ;  and  although  this  test  will  not  detect  quite  such  a  minute 
quantity  as  Marsh's  test,  it  is  sensitive  enough.     Copper  is 
also  best  detected  by  electrolysis,  the  substance  being  placed 
in  a  platinum  dish,  acidified,  and  then  a  rod  of  zinc  inserted  ; 
or,  the  neater  plan  of  connecting  the  dish  itself  with  a  battery 
may,  where  appliances  are  at  hand,  be  preferred. 
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HONEY. 

§  76.  Commercial  bonej  is  the  Baccharine  matter  collected 
and  stored  by  one  particular  species  of  bee  {Apie  meUifi^^)  ;  but 
the  production  of  honey  is  by  do  means  limited  to  the  bee,  for 
there  ia  a  honey-ant*  in  Mesico,  which  stores  a  nearly  pure  syrup 
of  un crystallised  sugar.  This  is  slightly  acid  in  reaction,  and 
reduces  salts  of  silver  like  formic  acid.t 

A  wa^p  of  tropical  America  is  said  to  yield  a  honey  in  which 
are  found  crystuls  of  cane  sugar,  but  the  evidence  as  to  this 
Utter  point  is  not  decisive.^  A  curious  sample  of  honey  has 
been  analysed  by  A.  Vi]lier3.§  It  was  derived  from  Ethiopia, 
and  is  the  produce  of  an  insect  resembling  a  large  moatjuito, 
which,  like  our  wasp,  makes  its  neat  in  cavities  in  the  ground. 
It  secretes  no  wsk.  The  natives  call  the  honey  'lasma,'  and 
ascribe  to  it  medicinal  virtues,  especially  using  it  as  a  cure  for 
sore  throat.     Its  com[>osition  is  as  follows  : — 

Water, 26-5 

Fflnnentable  sugar  (levnloae  with  a  sixth  of  glocow  in  excess),  32*0 

Hannite, 3-0 

Dextrine, 27*9 

Aih, 2-5 

LoM  and  mmtioiated, 9'1 

The  honey  contained  a  non-nitrogenous  bitter  principle. 

The  essential  constituent  of  honey  is  a  mixture  of  dextrose 
and  levulofle;  it  also  contains  mannite,  wax,  organic  acide,  pollen 
from  the  flowers,  not  unfreqnently  alkaloidal  and  bitter  principles 
from  the  plants,  possibly  derived  from  the  pollen,  small  quan- 
tities of  cane  sugar,  of  mineral  matter,  and  invariably  minute 
quantities  of  alcohol.  There  exist  but  few  analyses  of  honey,  and 
Uiose  that  have  been  made  are  incompleta  The  best  and  most 
reliable  are  those  of  Dr.  Brown,  who  estimated  the  proportion  of 
the  different  kinds  of  sugar,  &c,  as  in  the  following  table  ;  but 
made  no  deteriuinatioa  of  the  volatile  acids,  of  the  alcohol,  nor  of 
the  amount  of  mannite.  The  analyses  are,  however,  quite  com- 
plete enough  to  give  an  idea  to  the  food-analyst  as  to  what  pro- 
portion of  the  main  and  valuable  constituents  he  is  likely  to  find 
in  genuine  honey. 

*  The  Myrvueoq/itut  JtfratmntM.  There  are  two  kind*  of  workers — our 
the  active  »)rm,  the  other  sedentary — which  prodaoe  the  bODBy.  The  Utter 
ia  the  larger,  and  tut*  a  tamid  abdomen ;  it  never  qniti  the  neat  The  honey 
ia  diiachargjed  into  proper  recepbtdea,  and  from  it  the  Mexicans  make  a 
plMaaot  drmk. 

t  H.  Haraten.  Fogg.  Ami.,  c.  66a 

;  O.  H.  Wetbeiell,  Ckem.  Oax.,  863,  72. 

f  Copipt.  Bout.,  Ixxxviii.  20S;  293. 
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It  will  be  noticed  that  the  percentage  of  total  glnccae  Taries 
within  very  wide  limitSy  the  highest  number  being  79*38,  the 
lowest  68-40  per  cent. — a  range  of  nearly  11  per  cent.  Doubt- 
less the  quantity  of  sugar  stored  by  the  bee  depends  on  the 
age  of  the  insect, ''  virffin  honey  "  bemg  notoriously  of  a  better 
flavour  and  quality  than  that  produMd  by  old  bees;  it  also 
depends  on  the  nature  of  the  oountryy  and  the  quality  and  quan- 
tity of  food  of  the- bee.  The  relative  quantities  of  dextrose  and 
levulose  range  in  the  table  somewhat  widely ;  but  if  the  whole 
nine  analyses  are  taken,  the  mean  gives  nearly  equal  proportions 
of  dextrose  and  levulose. 

The  specific  gravity  of  virgin  honey  is  from  1*425  to  1-429  ;  that 
of  honey  from  old  bees,  1*415  to  1*432.  According  to  Budiner, 
some  forms  of  honey  reach  a  specific  gravity  of  1*440 ;  the  rota- 
tion of  a  polarised  ray,  produced  by  a  solution  of  16*26  grms. 
of  crude  honey,  is  generally  from  -  3*'-2  to  -  5**  at  15*^*5  [Proton]. 

The  properties  of  dextrose  and  levulose  have  been  alreaay 
described.  The  other  saccharine  constituent  of  honey — manhite, 
O^Hi^Og-^crystallises  in  four-sided  prisms,  is  soluble  in  80  parts 
of  alcohol  of  specific  gravity  0*898,  and  in  1*400  parts  of  absolute 
alcohol ;  in  boiling  alcohol  it  is  more  soluble,  but  in  ether  it  is 
quite  insoluble,  and  may  be  precipitated  from  alcoholic  solution 
by  ether.  It  has  no  action  on  polarised  light.  Its  melting  point 
is  from  160°  to  165°;  at  200°  it  boils,  and  may  be  distUled,  a 
portion  being  decomposed  ;  at  higher  temperatures  it  carbonise& 
It  does  not  reduce  cuprous  oxide.  All  these  properties  readily 
distinguish  it  from  the  other  sugars.  Chemically  speaking,  man- 
nite  is  a  hexatomic  alcohol  Mannite  may  be  separated  from 
honey  by  boiling  a  weighed  quantity  of  the  honey  with  alcohol, 
evaporating  down  the  alcoholic  extract  to  dryness,  and  boiling 
this  extract  with  absolute  alcohol,  concentrating  the  alcohol 
solution,  and  precipitating  with  ether.  It  is  also  probable  that 
mannite  might  be  separated  from  the  other  sugars  by  distillation 
in  a  vacuum,  but  the  author  has  not  proved  it  by  experiment. 
Finally,  it  is  possible  to  destroy  all  fermentable  sugars  by  fer- 
menting them  with  yeast.  This  done  in  the  ordinary  way  is 
tedious  and  imperfect ;  but  if  plenty  of  yeast  be  used,  and  the 
fermentation  be  allowed  to  go  on  in  a  vacuum,  the  alcohol  and 
carbon  dioxide  are  continually  removed,  and  the  process  is  not 
only  speedy,  but  complete.* 

Honey  is  a  substance  likely  to  be  much  adulterated.  The 
usual  list  comprises  a  number  of  starch-holding  substances,  all 
of  them  easy  of  microscopical  detection ;  but  the  most  common 

*  Sur  U  fennentation  alooolique  rapide.     M.  J.  Bouatiogaolt,  Compter 
J^endus,  t  zol,  373. 
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adulteration  is,  without  doubt,  syrup  made  of  cheap  sugar.  There 
is,  indeed,  a  commercial  American  artificial  honey,  which  is 
entirelj  composed  of  glucose  syrup,  while  the  comb  is  also  arti- 
ficial, and  made  of  paraffin.  The  appearance  of  both  comb  and 
symp  is  said  to  be  superior  to  that  of  natural  honey.  In 
examining  honey  for  adulteration,  it  will  be  necessary  to  make 
a  quantitative  analysis  of  the  sugar  it  contains,  and  a  micro- 
fioopical  examination ;  if  neither  by  the  microscope  nor  by 
saccharimetry  any  marked  deviation  from  normal  honey  is  ob- 
served, a  farther  analysis  will  scarcely  be  necessary.  If,  on  the 
contrary,  by  the  absence  of  grains  of  pollen,  by  the  presence  of 
a  lai^e  percentage  of  cane  sugar,  or  by  any  other  deviation  from 
normal  honey,  a  fraud  is  suspected,  it  may  be  necessary  to  make 
a  very  complete  analysis.  With  regard  to  the  artificial  American 
honey,  the  presence  of  paraffin  in  the  comb  may  be  easily 
ascertained.  Pure  bees'-wax  melts  at  62°  to  65^  Its  specific 
gravity  is  '962;  it  contains  cerotic  acid,  myricine,  as  well  as 
ceroleine  ;  and,  like  other  fatty  matters,  it  is  attacked  and 
blackened  by  warm  sulphuric  acid.  Paraffin,  on  the  contrary, 
remains  unacted  upon,  so  that  this  test  alone  will  suffice  either 
to  detect  paraffin  when  pure,  or  to  separate  it  from  other  matters, 
such  as  waxes  and  fats,  which  are  carbonised  by  sulphuric  acid. 


TREACLE,  MOLASSES. 

§  77.  Treacle,  molasses,  golden-syrup,  and  similar  terras,  are 
used  to  denote  a  sweet  syrup  which  is  produced  in  the  manufacture 
of  sugar,  and  contains  a  mixture  of  sugar,  partly  cane  and  partly 
fruit ;  but  the  cane  sugar,  owing  to  certain  salts  and  impurities, 
is  nncrystallisabla  The  composition  of  these  brown  syrups 
varies  according  to  the  manufacture  from  which  they  are  derived. 
The  cheapness  of  treacle,  4&c.,  is  such  that  there  is  no  very  great 
temptation  to  adulteration,  and  no  conviction  under  the  Sale  of 
Food  and  Drugs  Act  has  hitherto  been  obtained  for  adulterated 
molasses  or  treacle.  The  probable  mode  of  adulterating  the 
trcsacles  would  be  by  diluting  with  water.  Cane-sugar  molasses 
is  alone  used  as  an  article  of  food,  beet-root  sugar  molasses  having 
an  unpleasant  taste. 

Some  analyses,  made  a  few  years  ago  bv  Dr.  Wallace,*  of 
molssaes,  treacle,  and  golden-syrup,  are  as  follows  :— 

*  *'The  Sugar  Cane.'*  1869. 
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TABLE  IX. 


Cane  sugar, 

Fruit  sugar, 

Extractive  and  colouring-matter, . 

Salts, 

Water 


Spedfio  gravity. 


W.IiMlten 


Pwr  cent. 

470 

20-4 

2*7 

2-6 

27-8 


100-00 


Tntolo. 


Psr  08Dt» 

82-5 

87-2 

8*0 

8-4 

23-4 


100-00 


OoMm 


Per  oant 

89-0 

88-0 

2-8 

2-5 

22-7 


100-00 


1-800       1^480       1-415       1-405 


BaetSocar 


For  eent. 
46-7 
-6 

.15-8 
13-2 
287 


100-00 


The  ash  of  beet  molasseB  has  the  following  oomposition : — 

Percent 

Potattic  chloride, 18*70 

Potassic  sulphate, 4-18 

Potastic  caroonate, 53*80 

Sodic  carbonate, 20*81 

Calcic  carbonate, '35 

Magnesic  carbonate, *27 

Moisture  and  loss 1  *89 


JAM. 

§  78.  Jam  consists  of  various  species  of  fruit  preserved  by 
boiling  in  strong  sjrup.  Most  jams  are  very  readily  adulterated, 
since  any  tasteless  vegetable  tissue,  such  as  vegetable  marrow, 
turnips,  &c.,  when  mixed  in  jam  cannot  be  readily  detected  by 
the  palate.  The  chemical  composition  of  the  various  jams  is 
simply  the  chemical  composition  of  the  fruit  juice  and  fruit 
itself,  with  the  loss  of  a  few  volatile  constituents  and  the 
addition  of  cane  sugar.  The  latter  may  be  in  part  inverted  by 
the  action  of  the  organic  acids  or  ferments  so  constantly  found  in 
fruit.  The  detection  of  adulterations  of  jam  is  mainly  micro- 
scopic; but,  at  the  same  time,  in  many  cases  a  careful  observation 
of  the  absorption-spectrum  will  assist  the  diagnosis.  In  order  to 
carry  out  this  successfully,  in  addition  to  the  precautions  before 
described,  it  will  be  safest  in  all  cases  to  use  comparison  liquids : 
and  those  who  devote  themselves  to  this  study,  should  have  at 
hand  a  variety  of  genuine  jams  of  different  ages.  The  mean 
composition  of  the  more  common  kinds  of  fruits  is  detailed  in 
the  foUowing  table  [Aont^] : — 
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TABLE  X.-100  PARTS  OF  THE  SEED  FRUIT. 


1 

^ 

H 

• 

2 

0\ 

• 

J. 

1 

• 

^  a 
S55 

i 

GO 

i 

1 

1-98 

4 

< 

Apple, 

83-58 

0-39 

0-84 

7-73 

5-17 

0-31 

_■_  •  * 

Pear, 

83-03 

0-36 

0-20 

8-26 

3-54 

4-30 

0-31 

Plum, 

81*18 

0-78 

0-85 

615 

4-92 

5-41 

0-71 

Prane, 

84*86 

0-40 

1-50 

3-56 

4-68 

4-34 

0-66 

Peaches,     . 

8003 

0-65 

0-92 

4-48 

7-17 

6-06 

0  69 

Aprioota,    . 

81-22 

0-49 

1-16 

4-69 

6-35 

5-27 

0-82 

':  Cherries,    . 

80*28 

0-62 

0-91 

10-24 

117 

6-07 

0-73 

Grapes, 

78-17 

0-59 

0-79 

24-36 

1-96 

3-60 

0-63 

Strawberry, 

87-66 

1-07 

093 

6-28 

0-48 

2-32 

0-81 

Raspberry, 

. 

86*21 

0-53 

1-38 

3-95 

1-54 

5-90 

0-49 

Bilberry,    . 

78-36 

0-78 

1-66 

5-02 

0-87 

12-29 

1-02 

Blackberry, 

86-41 

0-51 

119 

4-44 

1-76 

5-21 

0-48 

Mulberry,  . 

84-71 

0-36 

1-86 

9-19 

2-31 

0-91 

0-66 

1  Gooseberry, 

85-74 

0  47 

1-42 

7  03 

1-40 

3-52 

0-42 

Currant, 

84-77 

0-51 

215 

6-38 

0-90 

4-57 

0-72 

Britf  Notes  of  tlie  Microscopical  Structure  of  Certain  Fruits, 

§  79.  Apples  and  Pears, — Both  apples  and  pears  contain 
numerous  dotted  ducts  and  spiral  vessels.  There  is  no  very 
distinctive  peculiarity  about  these  ducts,  but  in  the  core  will  be 
found  a  strong  homy  membrane  with  spiculated  cells,  crossing 
one  another  at  right  angles,  forming  altogether  a  very  singular 
tissue^  and  one  which,  once  seen,  can  always  be  recognised. 

DcMison, — The  skin  of  the  damson  is  composed  of  at  least  two 
distinct  species  of  cells  underlying  the  transparent  epidermis. 
One  kind  is  a  double  row  of  reddish-purple  oblong  or  oval  cells, 
having,  when  seen  in  section,  an  average  length  of  *00232  inch, 
and  an  average  breadth  of  about  '000928  inch ;  seen  from  above 
(as  in  tearing  off  a  shred  of  the  tissue)  they  form  a  beautiful  five- 
and  six-sided  mosaic  pattern,  the  size  of  the  cells  being  from 
about  -000928  to  -00116  inch.  The  blue  cells  are  very  similar 
in  shape  and  size  to  the  reddish -purple ;  below  the  blue  there 
are  some  loose  cells  containing  chloropnyll.  Hence  the  beautiful 
colour  of  the  damson  is  the  combined  effect  of  the  blue,  the  red, 
and  the  green  shining  through  the  transparent  epidermis.  The 
pulp  contains  the  usual  large  colourless  globes  or  cells,  of  *01I6 
inch  average  diameter  (6,  fig.  15).     Spiral  vessels  are  numerous^ 


134  roODBT  THKla  COHPMITIOM  1>D  AKALTUB.  [{79. 

atomata  are  ooajaanally  to  ba  Men  on  the  lor&oe  of  the  dark- 
oolonred    epidennis.     The 


epidi 
braadtb  or  Uiii^esB  of  the 
Bldn  is -00814  inch.  By  the 
uae  of  bleaching  povder,  a 
nmall  portion  of  ute  skin  may 
Q  be  deprived  of  its  colour, 
'  either  partially  or  wholly, 
sooording  to  the  jndgment 
of  the  operator,  and  then 
will  be  aeen  a  mapping  out 
of  the  whole  snrboe  into 
,  5  lobea  by  oelli  so  placed  that 
they  fbrm  a  network. 
—There  are  at  leait  three  distinct  stmotnres  to  be  aeen 
in  the  boiled  and  preserved  plnm  : — 1.  The  epidermia,  oonsiating 
for  the  moat  part  of  a  pavement-like  layer  of  little  square  or 
iiregularly  oblong  oells,  filled  with  a  granular  matter  (e,  £g.  16), 
the  sice  of  the  cells  averaging  from  about  -000696  to  -00116  inch  ; 
the  general  distribution  of  these  cells  is  somewhat  circular. 
Scattered  tolerably  uniformly  are  patches  of  a  deeper  colour  with 
larger  cells,  the  patches  being  irregularly  circular,  and  the  centre 
of  the  patch  an  empty  space,  which  possibly  is  a  much  deformed 
stoma.  The  pulp  consists  of  the  very  common  large  globular 
cells  (a,  fig.  16),  of  about  '12  to  -14  inch  diameter,  almost  per- 
fectly transparent,  with  a  shrivelled  mass  within.  Lastly,  thei-e 
are  some  brautiful  masses  of  compound  cells,  varying  in  size  from 
-016  to  -48  inch  (6,  b,  fig.  16),  the  length  usually  being  from  one 
and  a  half  to  three 
tunes  the  breadth. 
These  compounds  are 
either  prismatic  in 
shape  or  oval,  while 
a  few  resemble  long 
tubes.  The  number  of 
cells  thus  bound  to- 
gether IS  very  vari- 
able since  from  seven 
up  to  twenty-seven 
may  be  counted  on 
one  side.  The  little 
cellular  members  of 
the  composite  are 
Pig  16 -Strtrotn™  fimnd  m  thfl  n1™  « IIB  fivo-aided  cells  of  an 
a.  Palp  G«1I«  ,b,b,t 
epidenau. 
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Oramgn — Ltmoiw;  Marmalade. — MtumaUde  is  made  by  pre- 
WTving  Blioed  up  oranges  or  lemons,  or  both  combined,  in  a 
Strong  sjTup.  Orange  marmalade  is  properlj  made  from  Seville 
orangee  only,  lemon  marmalade  from  lemons  only.  It  is  not 
ptkcticable  to  distinguish  by  the  microscopic  atxiicture  alone 
ivhether  the  subetanoe  is  orange  or  lemon,  or  to  what  species 
the  orange  or  the  lemon  belongs.  It  is,  however,  most  easy  in 
marmalades  to  recognise  subetanoeB  foreign  to  marmalade, 
beoROse  the  structare  of  the  vegetable  tissues  ased  is  very 
distinctive.  Good  marmalade  is  wholly  composed  of  fine  seotiouB 
of  the  fruit :  on  selecting  the  thimteet  of  these  sections,  or  (what 
amoanta  to  the  same  thing)  cutting  and  preparing  a  section, 
there  will  be  three  structures  to  notice.  It  will  be  observed  that 
the  colour  layer  is  very  thin,  and  composed  of  layers  of  yellow 
cells  (a,  fig.  17),  many  titled  with  oil,  and  here  and  there  large 
CKTities,  covered  with  a  thin  transparent  epidermal  layer. 
The  size  of  the  cells  is  small,  about 
■000147  inch  in  diameter.  Beneath  the 
yellow  layer  there  is  a  deep  layer  of 
oolonrless  cells,  traversed  by  a  network 
of  bundles  of  vessels,  each  bundle  con- 
aisting  of  a  dozen  or  more  spiral  vessels, 
of  small  diameter,  in  the  midst  of  the 
ordinary  elongated  fibre-like  cells.  In 
this  layer  are  large  cavities,  0415  inch 
diameter  or  more,  and  around  these 
cavities  the  cells  are  applied  in  concen- 
tric layers.  The  pulp  of  the  orange  pre-  Fig.  17.— Saction  of  rind 
sentB  a  number  of  soft  and  thin-walled  oforaoBo,  x  20.  o,  Lsyer 
cells  without  any  very  distinctive  pecu-  "f  yellow  cell« ;  6^  inner 
....  T  ■     1      1  1       11     white    cortex,    ihowina   « 

lianty.     I^rge  spirals,  large  oval  cells  cavity  and  vmouIm  tw^. 
and  structures,  dissimilar  to  the  above, 
will  be  suspicious  signs,  and  will  denote  adulteration. 

The  Strawberry  may  be  readily  distinguished  under  the  micro- 
acope  by  the  great  number  of  very  small  seeds  which  are  scattered 
on  the  exterior  of  the  fruit.  These  seeds  are  pyriform  and  very 
regular  in  size,  being  about  -038  inch  wide  at  the  broadest  end, 
and  -07  inch  in  leogth.  The  coat  of  the  seed  is  almost  smooth ; 
under  a  high  magnifyiug  power  it  may,  however,  be  seen  to  be 
tdightly  tuberculated.  Each  seed  is  attached  to  the  central  part 
of  the  fruit  by  means  of  a  vascular  bundle  formed  of  delicate 
fibres  and  spiral  vessels;  and  the  consequence  of  this  structure 
is,  that  the  strawberry  is  full  of  spiral  vessels,  all  of  minute  size 
and  very  transparent.  The  cells  seen  when  jam  is  examined  are, 
for  the  most  part,  collapsed  and  ahrivelled ;  those  that  are  not  so 
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are  large  oval  or  pjrrifbrm  cells,  often  oontMaing  shrivelled  cell 
contents.  Common  messaremrats  of  these  cells  sn  *008  inoli 
small  diameter,  0176  inch  long  diuneter  for  the  onl  cells,  snd 
for  the  piriform  '0136  inch  broad  end,  -0184  long  diameter. 

The  Stufb«rrj/  has  its  seeds  reticu- 
lated, and  in  moat  jama  the  form  of  the 
fruit  is  preserved  quite  sufficiently  for 
recognition. 

Tm  Goombary  has  an  epidermis  in 
which  can  be  seen  a  mosaic  pavement 
of  cells,  and  the  fruit  also  possesses 
olavate  hain. 

7%«  Blaekbeny — the  seeds  are  reticu- 
lated, and  the   cuticle    covered    with 
__^_^^^^        stellate  hairs. 
h^^^^^^K  CWrante.— Both  the  black  and  the 

^^^^^^^  red  currant  are  similar  in   structure: 

the  epiilermis  is  covered  with  an  ex- 
..  °.  —  -'„^?''^'*  cesaively  thin  membrane,  showing  sinu- 
•trawDBiTv, X llo! o. straw-  ■■   -  ■  i      .      -ji.     ■       i 

berry  locd.  ::  20.  ""^  wavy  divisions,  and  set  with  simple 

hsirs.  Beneath  the  outer  membrane  are 
the  colour  layers,  consiating  of  little  square  masses  with  rounded 
angles  about  -00029  to  -00039 
inch  diameter  (a,  fig.  19).  Thu 
pulp  is  made  up  of  thin-walled 
cells,  and,  lastly,  here  and  there 
may  be  found  peculiar  compouud 
bodies,  b,  attached  to  the  inner 
layer  of  the  epidermis.  These 
are  about  -0058  inch  in  lengtli  and 
Pi  19  A  hred  f  etiider  '^^^^  '°°''  "•  breadth,  and  are 
mil,  fhowi^e  ibinous'lmX^  formed  of  a  number  of  oblong  cells, 
in  one  portion,  »nd  the  under  layer  So  fer  as  known,  these  bodies  are 
of  celli  in  another ;   6,  Uie  com-   found  only  in  the  cuniint. 


Fig.  18.- 


STARCH,  CcHiflO,. 

§  80.  It  is  convenient  to  consider  the  starches  together,  more 
en>ecially  as,  however  varied  in  form,  the  chemical  composition 
of  all  starch  is  very  similar,  if  not  identicaL 

Every  starch  corpuscle  is  composed  of  at  least  two  probably 
jspmerio  bodies,  the  one  " granulou"  soluble  in  saliva,  and 
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ooloured  blue  by  iodine ;  the  other  coloured  by  iodine  pale 
yellow,  and  only  becoming  blue  after  the  addition  of  sulphuric 
acid  ;  it  is  fully  soluble  in  ammoniacal  oxide  of  copper,  and 
appears  to  agree  very  closely  with  the  characters  of  cdltdose. 

These  two  substances  may  be  most  readily  separated  by 
diluted  chromic  acid,  which  dissolves  granulose  very  easily, 
whilst  cellulose  remains  unaltered.  All  starch  is  very  hygro- 
scopic :  wheat  starch,  dried  in  a  vacuum,  still  contains  1 1  per 
cent,  of  water,  and  air-dried  from  16  to  28  per  cent,  of  water. 
Starch  is  insoluble  in  cold  water  or  spirit  Some  chemists, 
indeed,  assert  that  if  finely  powdered  in  agate  mortars,  or  with 
quartz  sand,  a  small  portion  dissolves  \  others  contend  that  this 
is  no  true  solution,  but  the  starchy  matter  in  a  state  of  most 
minute  division.  If  warmed  with  water,  the  starch  granules 
swell,  and  when  heated  up  to  100°  most  starches  form  a  semi- 
solution  in  water.  True  compounds  of  starch  with  bases  are 
scarcely  established.  Lime  and  baryta  appear  to  form  weak 
unions,  and  the  intense  colour  produced  by  iodine,  as  well  as 
bromine,  seems  to  point  to  the  formation  of  haloid  combina- 
tions. Fritsche,  indeed,  states  that  he  has  isolated  the  iodide 
and  the  bromide  of  starch,  the  former  containing  ten  equivalents 
of  starch  and  one  of  iodine. 

Starch  heated  in  closed  tubes  up  to  100°C.  changes  gradually 
into  soluble  starch.  If  the  temperature  is  raised  up  to  160^  or 
200^0.,  it  forms  a  transparent  mass,  consisting  wholly  of  dextrine. 
At  220°  to  280°  still  further  change  is  produced,  and  the  result 
is  pyrodexirinBy  a  substance  easily  soluble  in  water  (but  insoluble 
in  absolute  alcohol  and  ether),  and  with  the  composition  of 
C^HjqOmHO.  At  still  higher  temperatures  there  is  carbonisa- 
tion, ana  the  formation  of  products  similar  to  those  caused  by 
the  decomposition  of  sugar. 

Starch  is  easily  changed  into  sugar  by  the  action  of  dilute 
mineral  acids,  as  well  as  by  oxalic  acid,  aqueous  chloride  of  zinc, 
and  by  certain  ferments — diastase,  saliva,  yeast,  &c. 

The  estimation  of  starch  in  organic  bodies  generally  is  best 
carried  out  as  follows : — The  powdered  and  dried  substance  is 
heated  in  a  5  per  cent  solution  of  caustic  potash  in  absolute 
alcohol,  in  a  closed  tube,  in  the  water-bath  for  twenty-four  hours, 
and  filtered  while  hot  The  residue  is  washed  first  with  absolute 
alcohol,  and  then  with  ordinary  alcohol,  dried,  and  heated  with 
a  solution  of  2  per  cent  hydrochloric  acid,  in  a  flask  fitted  to  a 
vertical  condenser,  until  a  blue  colour  is  no  longer  produced 
by  iodine.  (See  also  p.  113.)  The  sugar  is  then  estimated  in  the 
ordinary  way. 
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JKieroaeopieal  Identification  of  Starcket. 

The  successful  microaoopical  ejcftmination  of  BturcheB  requires 
practical  study,  and  tliose  who  desire  to  identify  them  must  use 
all  drawings  aad  descriptions  as  guides  merely.  It  is  not  easy 
to  preserve  starches  mounted  fl-a  microscopical  objects,*  and  the 
analyst  is  therefore  recommended  to  fit  up  a  little  case,  in  email, 
wide  specimen-tubes,  ho  that  he  can  have  at  hand  a  sample 
of  every  kind  of  starch  possible  to  be  obtained.  These  samples 
should  be  arranged  in  the  five  following  clasees,  partly  based  on 
Dr.  Milter's  f  cjassificatiou. 

A  high  magnifying  power  is  not  required,  save  for  the  very 
roinute  starches,  such  as  rice  and  pepper.  For  ordinary  work  a 
magnifying  power  of  250  diameters  is  ample.  Dr.  Muter'a  classi- 
fication of  starches  was  founded  on  observations  with  a  B 
micrometer  eyepiece  and  a  ^'pinch  power. 

It  ia  also  useful  to  observe  the  various  samples  of  starch,  and 
make  tables  of  their  dimensions.  The  proper  way  to  do  this  is 
to  put  the  smallest  possible  quantity  of  the  well-mixed  starch  on 
a  glass  slide,  add  a  droplet  of  distilled  water,  cover  with  a  tbia 
glass,  take  the  exact  size  of  all  the  starobes  in  the  field,  enu- 
merate them,  and  work  them  out  into  percentages  for  future 
reference. 

The  illumination  of  starches  ia  to  be  particularly  attended  to. 
The  light  must  strike  obliquely  through  the  granules,  in  order 
to  observe  the  rings,  which  are  by  no  means  so  easily  seen  as 
diagrams  would  indicate. 

Polarised  light  is  also  nsefiil,  especially  in  the  diagnosis  of 
certain  starches.  Thns,  the  polarised  starch  of  wheat,  when 
examined  in  water,  exhibits  a  dull  cross;  that  of  jalap,  in 
sbape  and  size  like  wheat,  polarises  brightly.  Folarised  light,  in 
conjunction  with  a  selenite  plate,  will  also  be  found  of  great 
service.  Red  and  green  selenites  are  best,  and  give  a  beautiful 
play  of  colours  with  the  arrow-roots  and  potato  starch ;  while 
the  starches  of  wheat,  barley,  rice,  and  oats,  scarcely  show  aoy 
colour.  The  whole  of  the  starches  of  the  Leguminosa  are,  so  &r 
as  they  have  been  hitherto  examined,  likewise  destitute  of  this 
power  of  brilliant  colouration.  A  ^-i^ct  object-glass,  with  an 
A  eyepiece,  will  be  found  better  adapted  for  this  method  of 
research  than  higher  powers. 

If  adulteration  in  any  case  has  been  made  out,  approximative 
quantitative  results  may   be  obtained   by  making   a  standard 

*  According  to  Mat«r,  a  momiting  medinm  of  1  part  of  glycerine  to  2  of 
water  preaervet  the  charactei*  of  starch  longest 
t  "Organic  Materia Medioa."    IxiDdoD,  1878. 
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miztore  of  the  genuine  starch  with  the  adulterant  found,  and 
tben  counting  the  individual  grains  in  the  micro«opic  field. 
Thiia,  for  example,  supposing  oatmeal  to  be  found  adulterated 
with  barley-starchy  and  from  a  preliminary  examination  the 
mixture  is  thought  to  be  40  per  cent,  we  proceed  as  follows : — 

Pure  barley-meal  and  oatmeal  are  carefully  dried  at  100°C.  and 
mixed  so  that  the  mixture  is  exactly  40  per  cent.  A  few  grains 
of  this  powder  are  now  rubbed  up  with  glycerine  and  alcohol 
into  a  smooth  paste,  which  is  then  further  diluted  to  a  certain 
bulk,  a  drop  taken  out  with  a  glass  rod,  and  covered  with  a 
glass,  which  is  gently  pressed  down.  The  number  of  grains  of 
barley  and  oat  starch  are  now  counted,  and  their  relative  pro- 
portion noted,  and  an  exactly  similar  process  is  applied  to  the 
oatmeal  in  question.*  If  proper  care  be  taken  to  repeat  th^ 
experiments,  the  result  is  a  near  approximation  to  the  truth.  If 
photographs  are  taken  of  these  mixtures,  they  are  always  at  hand 
for  reference,  and  much  time  is  saved. 


DIVISION  I. — Starches  showing  a  Play  op  Colours  with 
Polarised  Light  and  a  Selenite  Plate. 

Class  I. — The  hUum  and  eoncerUric  rings  clearly  visible,  all  the 
starches  oval  or  ovate.  The  group  includes  Urns  les  mois,  poUUOy 
arrow-rootf  calimiba,  orris-rooty  ginger,  galangal,  and  turmeric* 

Tous  Us  moiSf  or  Canna  arrow-root,  is  furmshed  by  the  Canna 
edulis,  nat.  order  Marantaceas,  The  granules  vary  in  diameter 
from  -0469  to  132  mm.  [0018  to  -0052  inch].  They  present 
themselves  under  several  forms,  the  smaller  being  granular  or 
ovoid,  the  larger  pyriform,  whilst  the  largest  granules  are  flat, 
oval,  and  pointed  at  their  extremities.  The  hilum  is  annular, 
eccentric ;  the  rings  are  incomplete,  extremely  fine,  narrow,  and 
iregular.  The  starch  dissolves  easily  in  boiling  water ;  solution 
of  potash  causes  the  granules  to  swell  rapidly,  and  gives  to  the 
hilum  and  lines  remarkable  clearness. 

Tous  les  mois  can  only  be  confused  with  the  potato ;  the  size 
is  the  chief  distinction.  The  granules  burst  in  water  at  72^, 
and  they  give  a  more  regular  cross  when  examined  by  polarised 
light  than  those  of  the  potato. 

Curcuma  arrow-root,  which  is  also  called  East  Indian  (though 
the  arrow-root  ordinarily  sold  as  East  Indian  is  a  Maranta),  is 
furnished  by  the  Curcuma  angusttfolia.     The  granules  are  elon- 

•See  a  paper  by  E.  L.  Cleaver,  F.C.S.,  Analyst,  January  31,  1877. 
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gated  triangular,  or  irregularlj  oval,  flattened,  and  almost  trans- 

Parent.  The  normal  measurement  varies  from  *0d04  to  *0609  mm. 
0012  to  -00238  inch].  The  hilum  is  eocentric,  not  verj  distinct; 
the  concentric  rings  are  dearly  visible,  and  form  segments  of  a 
circle.  The  application  of  heat  or  a  solution  of  potash  deforms 
the  grains  in  a  very  irregular  manner;  thej  begin  to  swell 
about  72\ 

MaratUa  arrov>rooif  syn.  Jamaica,  St.  VinomUf  is  derived 
from  Maranta  arundmaoKB.  The  granules  are  somewhat  ovoid 
flattened,  and  tending  to  a  triangular  shape  in  the  larger,  but 
the  smaller  may  be  circular.  The  concentric  layers  are  always 
visible  and  numerous,  but  not  very  marked.  Nucleus  is  central, 
or  about  j-  eccentric — in  some  circular,  in  others  linear;  from 
the  nucleus  a  little  slit,  filled  with  air,  often  goes  to  the  edge. 
Length  of  granule  0-010  to  0-070  mm.,  average  0-036  mm. 
[=  00138  inch].  Tume&ction  in  water  begins  at  76^  The 
specific  gravity  of  the  starch  taken  in  petroleum  or  benzole  is 
1-504  ;  if  dried  at  100^  1-665. 

Naial  arrow-root  is  probably  the  produce  of  Maranta  arun- 
dinaceasy  the  same  plant  from  which  Maranta  itself  is  derived, 
but  growing  in  a  different  climate.  The  majority  of  the  granules 
are  broadly  ovate,  but  some  are  occasionally  circular.  The 
dimensions  are  from  -0327  to  0375  mm.  [00129  to  -00148  inch]. 
The  eccentricity  of  the  hilum  ranges  between  ^  and  J.  The 
1  amine  appear  under  water  with  special  clearness,  and  on  this 
account  granules  of  Natal  arrow-root  have  been  frequently  mis- 
taken for  those  of  the  potato. 

Potato  starch,  syn.  Potato  arrow-root — ^The  starch  derived  from 
the  potato  {Solanum  tuberosum).  The  granules  vary  greatly  in 
shape  and  size,  some  being  small  and  circular,  others  large,  ovate, 
and  oyster-shaped.  The  hilum  is  annular,  and  the  concentric 
rings  incomplete.  In  the  larger  granules  the  rings  are  numerous 
and  distinct.  The  normal  dimensions  are  '06  to  -10  mm.  [*0024 
to  -0039  inch].  The  eccentricity  averages  \.  The  granules  float 
on  chloroform. 

Potato  starch  is  frequently  used  as  an  adulterant  of  the  arrow- 
roots. The  most  reliable  method  of  examination  is  careful 
microscopic  observation,  but  there  is  also  a  different  behaviour 
with  regard  to  reagents,  viz. : — 

(1.)  Maranta  arrow-root,  mixed  with  twice  its  weight  of 
hydrochloric  acid,  produces  a  white  opaque  paste,  whereas  potato 
starch  treated  similarly  produces  a  paste  transparent  and  jelly-like. 

(2.)  Potato  starch  evolves  a  disagreeable  and  peculiar  odour 
when  boiled  with  dilute  sulphuric  acid,  which  is  not  the  case 
with  arrow-root. 
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(3.)  An  acrid  oil  may  be  extracted  from  the  starch  of  the 
potato,  but  not  from  that  of  the  Maranta. 

Cfinger. — The  gi'anules  are  variable  in  shape,  but  characteristia 
The  nsual  form  may  be  described  as  shortly  conical  with  rounded 
angles  ;  the  hilum  and  rings  are  very  faint.  Measurement  about 
-0376  mm.  [=  -00148  inch]. 

The  remaining  starches  belonging  to  this  group  are  distin- 
guished as  follows  : — 

Galangal  granules,  skittle-shaped,  with  faint  incomplete  rings, 
an  elongated  hilum,  with  a  normal  measurement  of  '0342  mm. 
[00136  inch]. 

CcUumbcL — The  starch  granules  of  Calumba  are  variable  in 
form,  most  of  them  are  pear-shaped.  They  have  a  semilunar 
hilum,  and  faint  complete  rings.  The  measurement  is  about 
•0469  mm.  [-00185  inch]. 

Orris-root — The  starch  granules  are  of  a  characteristic,  elon- 

Rted,  oblong  shape,  with  a  faint  hilum.    Measurement  -028  mm. 
f0092  inch]. 

TWmmc  has  oval,  oblong,  conical  granules,  with  the  rings 
well  marked  and  incomplete.  Normal  measurement  -0376  mm. 
[-00148  inch]. 


DIVISION    II. — Starches     showing     no    Iridescence,    or 

SCARCELY     ANT,     WHEN     EXAMINED     BY     POLARISED     LiGHT 
AND   SeLENITES. 

Class  II. — The  concentric  rings  all  hut  invisible;  hilum  stellate. 
To  this  group  belong  the  starches  of  the  bean,  pea,  maize,  lentil, 
dari,  and  ntUmeg. 

The  nucleus  of  the  Leguminosse  is  seen  usually  as  a  long,  more 
or  less  stellate,  air-filled  black  hollow.  The  concentric  layers  are 
recognisable  if  the  starch  is  treated  with  chromic  acid. 

The  starch  from  the  bean,  pea,  and  lentil  are  in  shape  oval, 
oblong,  and  almost  identical ;  but  the  bean  and  pea  have  both  a 
stellate  hilum,  whilst  that  of  the  lentil  is  a  long  depression. 
The  granules  of  the  bean  are  fairly  uniform  in  size,  averaging 
-0343  mm.  [-00135  inch]  ;  those  of  the  pea,  on  the  other  hand, 
are   very   variable   in  size,  ranging   from   -0282  to  -0177  mm. 

[-00111  to  -0007  inch],  the  smaller  size  predominating.  The 
entil  granules  average  *0282  mm.  [-00111  inch].  The  granules 
of  the  nutmeg  are  of  small  size  and  of  characteristic  shape. 
Measurement  about  *014  mm.  [-00055  inch].  The  starch  from 
the  dari  is  in  small  elongated  hexagons;  average  size  -0188  mm« 
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[*00074  inch].  The  staroh  from  nunzB  varies  in  shape  from  round 
to  polyhedral;  the  granules  are  the  same  size  as  those  of  the  dan; 
the  distinguishing  mark  is  the  rounded  angles  of  the  polygonal 
granules. 

Class  III. — Starche$  having  both  the  eancmtnc  rinff$  and  hilum 
invisible  in  the  me^ority  of  granulm,  Thie  important  elase 
includes  wheat,  barley ,  rye^  Aeetnut,  aoom,  and  a  variety  of 
starches  derived  from  fnedieinal  plants^  such  as  jalap,  rhubarb, 
senega,  dsc,,  dhc 

'  Wheai  starch  is  extremely  variable  in  size,  being  from  *0022 
to  -052  mm.  [-00009  to  -0019  inch].  The  granules  are  circular,  or 
nearly  so,  and  flattened.  Polarised  light  shows  a  cross,  but  in 
water  the  effect  is  not  great. 

Barley. — ^The  granules  of  barley  are  of  &irly  uniform  size — viz., 
-0185  mm.  [-00073  inch],  but  a  few  measure  -07  mm.  The  shape 
of  the  starch  is  that  of  slightly  angular  circles. 

Itye, — Rve  starch  is  similar  in  shape  to  barley  starch.  The 
measurements  are  from  -0022  to  -0375  mm.  [-00009  to  -00148 
inch].  The  small  granules  are  perfectly  round,  and  here  and 
there  cracked. 

Chestnut — The  starch  grains  vary  much  in  form;  they  are 
round  or  elliptical,  or  three-  or  four-angled,  with  the  angles 
rounded.  In  the  place  of  a  nucleus  there  is  almost  always  a 
central  hollow  filled  with  air.  The  size  is  small  and  regular, 
being  from  -0022  to  022  mm.  [-00009  to  -0009  inch],  and  this 
regularity  of  size  is  the  chief  means  of  distinction. 

Acom, — The  starch  granules  of  the  acorn  are  almost  round,  or 
round-oval.  A  nucleus  may  be  made  out  after  treatment  with 
chromic  acid  ;  eccentricity  ^.  Normal  measurement  -0188  mm. 
[-00074  inch]. 

Class  IV. — All  tJie  granules  truncated  at  one  end.  This  class 
includes  sago,  tapioca,  and  arum,  besides  severed  drugs — viz.,  the 
starches  from  belladonna,  eolchicum,  sccmimony,  podophyllum, 
canella,  aconite,  cassia,  cmd  cinnamon. 

Sago, — A  starch  obtained  from  the  pith  of  certain  species  of 
palms,  especially  Sagus  levis,  and  S,  Rumphiu  It  exists  in  com- 
merce as  raw  and  asprepctredEsm;  both  have  oval-ovate  granules, 
the  normal  measurements  of  which  are  from  -0282  to  -0660  mm. 
[-00111  to  -0026  inch].  There  is  a  circular  hilum  at  the  convex 
end  of  the  raw  sago  granules,  and  rings  are  faintly  visible ;  but 
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starch  granules  from  prepared  sago  have  a  large  oval  or  circular 
depression,  covering  nearly  one-third  of  each  granule. 

Tapioca  is  a  starch  furnished  bj  the  Manihot  tUUiasima,  which 
is  more  or  less  altered  bj  heat,  having  been  dried  on  hot  plates. 
This  causes  some  of  the  granules  to  swell,  and  thus  renders  indis- 
tinct in  some  cases  the  original  structure.  The  starch  is  in  groups 
of  two  to  eight,  or  in  isolated  granules.  When  resting  on  its  flat 
surface,  the  granule  shows  a  little  circle,  and  round  this  is  a  broad 
flat  zone;  but  if  resting  on  its  curved  surface,  the  granule  shows 
contours  varying  from  a  kettle-drum  to  a  sugar-loaf  shape ;  and 
it  can  then  be  recognised  that  the  nucleus  does  not  lie  in  the 
centre,  but  in  the  axis  of  the  granule,  and  always  nearer  to  the 
curved  than  to  the  flat  surface.  A  conical  hollow  exists  under 
the  nucleus,  filled  with  a  substance  slightly  refracting  light. 
The  normal  measurement  is  from  '0140  to  *01879  mm.  [-00055 
to  -00074  inch]. 

Arum  starchf  sometimes  called  arum  arrourroot,  has  somewhat 
smaller  grains  than  tapioca;  they  are  truncated  by  two  facets; 
the  hilum  is  eccentric.  The  normal  measurement  is  about 
-014  mm.  [-00056  inch]. 

Class  V. — In  this  cUus  all  the  granules  are  angular  in  form;  it 
includes  oats,  tacca,  rice^  and  pepper,  as  v)ell  as  vpeoacuamha 
starcli. 

Oai  starch  or  meed. — The  starch  of  the  oat  is  mostly  polyhedral, 
being  irregularly  from  three-  to  six-sided — -0044  to  -03  mm. 
[-00017  to  00118  inch].  The  principal  starch  with  which  it  has 
been  found  adulterated  is  barley;  but  great  caution  must  be 
used,  for  oatmeal  contains  little  round  masses  extremely  similar 
to  barley. 

Tacca  arrow-root j  also  called  Tahiti  arrow-root,  is  extracted  from 
the  Tacca  Oceanica  and  pinnatifida.  The  granules,  when  viewed 
sideways,  are  muller-shaped,  with  truncate  or  dihedral  bases; 
when  seen  endways  they  appear  circular,  occasionally  angular  or 
polyhedral ;  sometimes  a  sort  of  contraction  gives  them  a  sub- ' 
pynform  appearance.  The  hilum  is  well  developed,  often  starred. 
The  normal  measurement  is  from  -0094  to  -0190  mm.  [-00037  to 
-00075  inch].  It  may  be  confused  with  maize  starch,  out  tacca 
has  sharp  angles  ;  maize,  rounded. 

Rice  starch, — Each  individual  grain  is  polygonal,  mostly  five- 
or  six-sided,  here  and  there  three-sided.  If  a  high  magnifying 
power,  such  as  ^  or  -j^,  be  used,  a  starred  hilum  may  be  seen. 
The  normal  measurement  is  from  -0050  to  -0076  mm.  [-0002  to 
-0003  inch]. 
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Pepper. — The  stardi  of  pepper  is  in  mnall  polygonal  granules, 
each  of  which,  with  a  high  magnifying  power,  is  seen  to  possess 
a  hilum.  The  normal  measurement  is  from  *0050  to  "0005  mm. 
[•0002  to  -00002  inch]. 

§  81.  Yogel  has  given  the  following  table  to  assist  in  the 
diagnosis  of  different  starches  : — 

A.  Granules,  Snroui  throughout,  bouhdid  bt  Rouvdkd  Surfaces. 
I.  Nuolena  central,  layers  oonoentric. 
a.)  For  the  moet  part  roond,  at  the  side  leos-thaped. 
Nncleas  round  or  a  radiatinir  iHt. 


1.)  Large  grannlee,  0<»96  to  0*0628  mm.  [-0015  to  -002  inch]-RYE 
STARCH. 

2.)  Lam  mnulee,  -0352  to  -0306  nun.  [0013  to  -0015  inch]-WHEAT 

3.)  Large  granules,  '0264  mm.  [*001  inch]-BARLEY  STARCH. 

6.)  Egg-shaped,  kidney-shaped,  mostly  a  long,  often  a  ragged  slit ;  diameter 
of  starch,  -032  to  -079  mm.  [-0012  to  003  inch] --LEGUMINOUS 
STARCHES. 

XL  Nndens  eocentrio^  rings  markedly  eccentric  or  meniscus-shaped. 

a.)  Grannie  not  flattened,  or  only  slightly. 

L)  Nnclens  mostly  at  the  smaller  end,  -06  to  10  mm.  [0023  to  -0039  inch] 
—POTATO  STARCH. 

2.)  Nucleus  mostly  at  the  broad  end  or  towards  the  middle,  *022  to  '060 
mm.  [-0008  to  -0023  inch]— MARANTA  STARCH,  (W.  India 
arrow-root). 

h, )  Grannie  more  or  less  markedly  flattened. 

L)  Many  of  the  granules  drawn  out  more  or  less  at  one  end  into  a  short 
pomt  near  the  nucleus;  at  the  most,  '060  long  [-0023  inch]  — 
CURCUMA ;  at  the  moet  '132  mm.  [-0041  inch]— CANNA. 

2.)  Many  lengthened  into  a  disc,  bean,  or  club-shaped  form ;  nucleus  near  the 
broader  end,  -044  to  -075  nun.  long  [*0017  to  '0029] —BANANA 
STARCH. 

3.)  Many  markedly  kidney-shaped;  nucleus  near  the  edge— SOUTH 
AMERICAN  ARROW-ROOT  {SysinncMum  galaxoUSx). 

4. )  £gs-shaned,  one  end  ^thinning  into  a  wedge  form,  placed  one  against 
tne  other,  nucleus  at  the  smaller  end,  -&  to  -07  nun.  [-0019  to  '00'27 
inch]-YAM  STARCH. 

B.  Starch  Granules,  Single  or  Compound.    Single  Starches  with 

B ELATION  TO  THE  LiTTLB  GrAN  ULES  THET  ARE  MADE  UP  OF.  Bounded 

by  even,  many-angled  surfiftces,  or  partly  by  rounded  surfaces. 
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L  Granules  thronghoat  many-angled. 

(1.)  With  an  evident  naclens,  largest  -0066  mm.  [00025  inch]— RICE. 

(2.)  WithoQt  a  nucleus,  the  largest  '0088  mm.  ['00034  inchl-MILLET 
STARCH. 

IL  Among  many  angular  forms  also  some  rounded. 

(A. )  No  drum-shaped  starches  present,  angular  forms  predominating. 

(1.)  Without  a  nucleus,  very  small,  *0044  mm.  [-00016  inch]— OAT  STARC  H. 

(2.)  With  a  nucleus,  0132  to  *0220  mm.  [0005  to  -0008  inch]. 

(a.)  Evident  round  nucleus,  here  and  there  the  smaller  combined,  granules 
in  variously  shaped  groups— BUCKWHEAT. 

(6.)  Mostly  a  radiating  or  star-shaped  fissure,  none  of  the  granules  united-— 
MAIZE. 

(B.)  More  or  less  numerous  drum-shaped  to  sugar-hat  shaped  granules. 

(I.)  Numerous  eccentric  layers.     Large8t_graniile8,    '0220  to   '0352  mm. 
[0008 to  -0014 inch]— BATATA  STARCH. 

(2.)  Without  concentric  circles^  "008  to  022  mm.  ['0003  to  -0008  inch]. 

(a.)  The  slit  of  the  drum-shaped  particles  enlarged  towards  the  flattened 
side,   008  to  022  mm.  [0003  to  0008  inch] -CASSAVA  STARCH. 

(6.)  Slit  wanting  or  not  large. 

(aa.)  Nucleus  small,  eccentric,  -008  to  *016  mm.  ['0003  to  '0006  imshJ— 
PACHYRHIZUS  ANGULATUS. 

(66.)  Nucleus  small,  central,  or  wanting. 

{aaa.)  Irregular  many-angled  forms,  -009,  '008  to  0176  mm.  [-0003  tP^OQ07 
inch]— SECHI U  M  STARCH  (CucurbitacesB). 

{bbb.)  Only  a  few  angular  forms,  some  with  a  radiated  fissure,  "008  to  *0176 
mm.  L  0003  to  '0007  inch]— CHESTNUT  STARCH. 

C.  Granules  Single  and  Compound,  the  Majority  Eoo-shaped  and 

ROUNDED  WITH  EcCENTRIC  NUCLEUS  AND  NUMEROUS  CJONCENTRIC 
LAYKR.S,  TUB  Ck)MPOUND  MASSES  COMPOSED  OF  A  LaROK  GRANULE 
AND    ONE  OR  A  FEW  VERY  SmALL  FLATTENED  DRUM-SHAPED   BoDIES 

025  to  066  mm.  [O0097  to  -0025  inch]— SAGO  STARCH. 


I        ^^ 


Karmarsch  has  determined  the  maximum  size  of  some  of  the 
starches.  Karmarsch's  values,  as  well  as  Wiesner^s,  are  arranged 
in  the  following  Table  (XI.)  They  differ  in  a  few  instances  from 
the  dimensions  the  author  has  given  at  pp.  139-144. 

\\ 
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KuTuncb. 

WlMnar. 

mm. 

iBCh. 

mm. 

iBCb. 

General  aize  of  potato, 

■100 

■0039 

■06  to    10 

■0024  to -0039 

Manraura.      . 

■1S5 

■0079 

Mirant»  rtarch, 

■140 

■0056 

■01  U.'  ^07 

-OOOlto-0028 

Hogboau.   VkiaJ 

aija,'. 

■075 

•OO'.'B 

■06.1 

■0025 

Sago,  . 

■OTO 

■ocm 

■033 

■0012 

■007 

■0026 

-03310-039 

■0012 

CoDunOn  bfiftii, 

■003 

-002* 

■057 

■0021 

P«,    .        . 

■060 

■ooia 

■0283 

■0011 

WhwtBUrdh, 

■OM 

■0019 

B.trt», 

-Oi5 

■0018 

■03W 

•obu 

Bye,   .       . 

■031 

■0012 

0»t.    .        . 

Maize, 

■030 

■0012 

■020 

■O0O7 

Tipiot», 

■028 

■ooio 

Rice,  .         . 

■OK 

■O0O8 

Bwley, 

■025 

■oiwQ 

■0203 

■0007 

Millet, 

■010 

■ooot 

•009 

■0003 

Buckwbwt.         .        . 
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WHEAT— WHEATEN  FLOUR. 


§  82.  The  wheat  cultivated  in  this  country  is  the  TrUieum 
wlgare,  of  which  there  are  two  varieties — the  T.  cesHvum,  or 
summer  wheat,  and  the  T,  hybemum,  or  winter  wheat.  The 
mean  composition  of  wheat  from  250  analyses  is  as  follows 
[Konig] : — 


Water, 

Nitrogenous  suhstances. 

Fat,    .... 

Sugar, 

Gum  and  dextrine. 

Starch, 

Pihre, 

Ash,   .... 


Per  eenL 

13-56 

12-42 

1-70 

1-44 

2-38 

64-07 

2-66 

179 


These  analyses  do  not  include  Russian  wheat.  In  the  central 
parts  of  South  Russia  a  wheat  is  grown  which  has  an  amount  of 
nitrogenous  substances  quite  uncommon — the  mean  of  twenty- 
four  analyses  giving  a  percentage  of  3*45  nitrogen  and  21*56 
nitrogenous  substances.  The  mean  composition  of  the  ash  of 
entire  wheat  is  as  follows  : — 

Winter  wheat    Summer  wheat. 
Potaah, 
Soda,    . 
Lime,    .        . 
Magnesia, 
Ferric  oxide, 
Phosphoric  ac^^ 
Sulphuric  acid, 
Sihca,   . 
Chlorine, 

According  to  the  researches  of  M.  Duvivier,  of  Chartres,  the 
external  part  of  the  envelope  of  the  grain  is  covered  with  &tty, 
odorous,  and  nitrogenous  matters,  which  are  in  a  particular 
combination,  and  form  on  the  grain  a  very  tenacious  coating — a 
sort  of  preservative,  and  communicating  an  odour  quite  stU  gen- 
eris. These  substances,  which  are  named  cerealin^  triUmcaline, 
^c,  are  isolated  by  treating  the  entire  grain  with  cold  ether, 
and  then  allowing  the  ethereal  extract  to  evaporate  spontane- 
ously. However,  neither  the  nature  nor  even  the  presence  of 
these  matters  can  be  considered  satisfactorily  established,  and 
further  investigation  seems  necessary. 


31  16 

29-99 

2-26 

1-93 

3-34 

2  93 

11-97 

1209 

1-31 

•61 

46-98 

48-63 

•87 

152 

2-11 

1-64 

•22 

•48 

146 
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cceptation 


Kg.  Mis 


□f  the  microscopical 


§83.  Conaliluents  of  Flow.— Flour, 'm 
of  tlie  term,  is  ground  wheat  freed  from  bran. 

The  physical  cka- 
ractert  which  floiu' 
should  posdeas  ari:  an 
follows:— Itahould  be 
an  ftlmoat  perfectly 
white,  fine  powdev, 
with  only  the  slight- 
est tinge  of  yellow ; 
the  odoiir  should  be 
sweet,  and  it  should 
be  fi-ee  from  acidity. 
It  should  exhibit  no 
tr&oe  of  bran  when 
pressed  smooth  with 
SL  polished  surface  ; 
and  it  should  have  a 
certain  amount  of  co- 
^o'f  whM't'wher«tLne"ieX^ro'f"tt^^eS  l»««i>'enea8  sufficient 
Umade,  x  199.  a  is  the  cells  of  tbe  bnui ;  fi  the  to  retain  for  so  me  time 
celU  of  the  thin  cuticle;  £  the  glaten  calls;  dtb«  any  shape  impressed 
starch  cells;  B,  wheat  starch,   *  350.  ^^^  it  by  Squeezing. 

The  microscopical  characters  of  good  flour  are :  the  absence  of 
foreign  starches,  of  fungi,  kc,  and  the  presence  alone  of  the 
elements  of  ground  wheat  (See  pp.  142,  144,  and  146,  foi- 
measurementa  of  the  starches.) 

The  chemical  composition  of  ground  wheat  is  represented  in  the 
following  table,  giving  the  mean  of  fourteen  analyses  by  Peligot : — 

Una  ot  Ennmca. 

11  inilTHa  Uu.        Him. 

Water, MH  15-2      13-2 

Fat, 1-2  1-9        ro 

Nitnis«noQ»  matter  bsoluble  in  water,      .       128  19'8        SI 
Soluble  nitrogenoQs  matter— albumen.                I  '8  2'4        1'4 

Solable  non-nitrogenous  matter— dexlrine,        7*2  lO'S        5'4 

SUrch, 59-7  66-7      551 

Cellnlow 17  23       14 

Ash, 1-6  1-9       1-4 

The  percentage  of  axh  from  the  whole  wheat  is  much  higher 
than  that  of  ordinary  flour,  the  bran  containing  much  ash. 
Thus,  100  parts  of  bran  contain — 

Par«nt. 

13  1 


19-3 


Hntk  and  a  little  stiirch, 
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The  analyses  of  Millon*  and  Kekule  give  the  following: — 


Starch, 
Gluten, 
Sugar, 
Fat,  . 
Wood  fibre, 
Salts,  . 
Water, 


Kekal^ 
67-3 


Wheat  bran. 
MUlon. 

14-9 

10  ' 

3-6  4  1 

97  9-2 

60  6-6 

13*8  13*8 


whilst  100  parts  of  flour,  according  to  Wankljn,  contain- 


Water, 
Fat,      . 
Gluten,  &c.. 
Starch,  &c., 
Ash, 


Per  cent. 

16-5 

1-2 

12-0 

69-6 

•7 


The  nitrogenous  matter  of  the  cereals  has  been  usually  de- 
termined by  a  combustion  and  subsequent  estimation  of  the 
nitrogen.  Mr.  Church  has,  however,  shown  that  this  method  of 
estimation  is  not  perfectly  reliable  as  a  measure  of  the  flesh- 
formers,  or  albuminous  matters  properly  so  called.  In  a  valuable 
recent  series  of  researches  on  this  point,  with  regard  to  wheat, 
barley,  and  oats,  Mr.  Wigner  has  shown  that  these  nitrogenous 
flesh-forming  constituents  have  been  over-estimated,  since  nitro- 
gen combined  as  nitric  acid,  nitrous  acid,  and  alkaloids,  is 
present  in  larger  quantities  than  has  been  hitherto  supposed. 
This  is  more  especially  true  as  regards  the  husk  and  bran,  very 
little  non-coagulable  nitrogenous  matter  being  contained  in  the 
flour  properly  so  called.  These  analyses  were  carried  out  as 
follows  : — 

50  grains  of  the  sample  were  ground  in  a  warm  porcelain 
mortar  with  enough  carbolic  acid  to  form  a  paste.  Two  or  three 
drops  of  dilute  acid  were  added,  and  the  paste  then  diluted  with 
hot  carbolic  acid  and  allowed  to  cool,  filtered,  and  the  filter 
iwashed  with  carbolic  acid  of  the  same  strength.  By  this  treat- 
ment all  the  true  albuminoids  were  coagulated  and  remained 
in  the  filter,  while  any  nitrogenous  matter,  either  as  nitrates, 
nitrites,  alkaloids,  or  gluten,  passed  through  the  filter.  The 
residue  in  the  filter  was  washed  down  into  the  point  as  far  as 
possible,  and  the  filter  dried  ;  the  residue  detached,  and  the 
filter  itself  finely  shredded  with  scissors  and  ground  to  powder, 
and  then  burnt  in  a  combustion-tube  in  the  usual  way. 

The  samples  were  collected  so  as  to  give  examples  of  every 


•  Comptes  Bendua,  t.  28,  p.  40. 


150  poods:  their  compositioh  and  asalysib.  [§  83. 

class  of  wheat,  barley,  and  oats,  and  ground  by  the  operator. 
Treated  in  this  manner,  Mr.  Wigner  found  that  17-7  per  cent,  of 
the  total  nitrogen  in  wheat,  I7-6  per  cent  of  that  in  oats,  and 
14'7  per  cent,  in  that  of  barley,  as  an  average,  deduced  from  the 
examination  of  fifteen  samples  of  each,  was  present  in  such  a 
form  as  not  to  be  capable  of  coagulation  by  carbolic  acid. 
The  extremes  in  various  samples  dill'ered  widely,  and  it  would 
appear  as  though  we  may  have  by  this  process  a  method  of  dis- 
tinguishing the  true  nutritive  valne  of  one  sample  of  grain  from 
another.*  In  a  mcent  researcli  by  the  author  (still  proceeding), 
the  nitrogen  aa  niti-ates  in  the  bran  was  estimated  as  -0071  grni. 
per  cent.  ;  an  alkaloidal  peptone  was  precipitated  by  phospho- 
molybdic  acid  ;  and  found  to  exist  in  the  proportion  of  about 
-75  per  cent  In  whole  meal  the  nitrogen  as  nitrates  was  -043 
per  cent.,  the  alkaloidal  peptone  1-00  per  cent. 

The  nitrogenous  constituents  of  flour  comprised  under  the 
name  of  gluten  are  probably,  from  the  recent  researcfaes  of  T. 
Weyl  and  Bischofli-f  not  ready  formed  in  the  flour,  but  the 
result  of  the  action  of  a  ferment  like  myosin,  which,  however, 
has  not  been  isolated.  This  theory  would  account  for  the  fact 
that  (as  observed  by  Mitacherlich  and  Krocher)  wheat  in  wliicli 
no  sugar  could  be  found  before  being  sent  to  the  mill,  on  being 
moistened  and  ground  yielded  as  much  as  4  per  cent,  of  sugar. 

Glulen  is  composed  of  at  least  four  bodies — glvlen-caseiiie, 
glvtertfibi-ine,  muoediTi,  and  gliadin. 

QhUen  may  be  obtained  by  merely  kneading  the  flour  into  a 
paste,  and  then  washing  all  the  starch  out  of  the  paste  in  a  thin 
stream  of  water.  As  thus  obtained  it  is,  in  the  moist  state,  a 
yellowish-grey,  very  elastic,  adhesive  mass  ;  and  when  dry,  some- 
what homy.  It  dissolves  for  the  most  part  in  alkaline  liquids 
and  in  acetic  acid.  From  the  gluten  the  four  bodies  mentioned 
may  be  separated  aa  follows  : — 

1.  GhUen-oaanne. — The  well-washed  gluten  is  digested  a  few 
days  with  potash  solution  (for  every  100  grms.  of  gluten  about 
3  to  4  grma  KHO).  The  clear  solution  is  decanted  from  the 
insoluble  residue,  and  precipitated  by  acetic  acid  in  the  least 
excess.  The  precipitate  is  exhausted  successively  with  60  per 
cent,  and  witli  80  per  cent,  alcohol,  then  with  al^olute  alcohol, 
and  lastly  with  ether.  The  insoluble  portion  now  consists  of 
gluten-txueine,  which  may  be  purified  by  solution  of  weak  potash 
lye,  precipitated  by  acetic  acid,  washed  with  water  and  alcohol, 
and  dried  in  a  vacuum.     It  forms  a  whitish-grey,  voluminous. 
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earthy  mass,  soluble  in  dilute  alkaline  solutions,  but  insoluble  in 
water,  whether  hot  or  cold.  At  100°C.  it  soon  changes  into  a 
modification  insoluble  in  alkaline  fluids.  Its  solution  in  very 
dilute  alkaline  fluids  becomes  turbid  on  exposure  to  the  air,  aud  is 
precipitated  in  a  flocculent  condition  by  the  heavy  metals.  The 
elementary  analysis  of  gluten-caseine  gives  the  following  per- 
centages : — Carbon  52*9,  hydrogen  T^O,  nitrogen  17*1,  oxygen 
22*0,  and  sulphur  1  '0.  On  heating  gluten-caseine  with  sulphuric 
acid,  tyrosin,  leuciD,  glutamime  acid,  and  asparagic  acid  with 
ammonia,  are  among  the  products. 

The  gluten-caseine  of  rye  seems  to  be  similar  to  that  of  wheat 
[RiUhcmseril. 

2.  GltUenrfibrine,  — The  substances  remaining  in  solution  from  1. 
are  gluten-fibrine,  mucedin,  and  gliadin.  The  iirst  is  separated 
by  distilling  the  united  alcoholic  extracts  to  one-half,  when  it 
separates  as  a  brownish-yellow  mass.  It  may  be  purified  by 
repeatedly  dissolving  in  a  little  60  to  70  per  cent,  alcohol,  from 
which  it  separates  on  cooling.  This  property  is,  indeed,  char- 
acteristic of  gluten-fibrine.  It  forms  a  tenacious  brownish-yellow 
mass,  becoming  homy  on  drying.  It  is  insoluble  in  cold  water  ; 
boiling  water  partly  decomposes  and  changes  it  into  a  modifica- 
tion insoluble  in  alcohol,  acetic  acid,  and  potash.  The  elementary 
composition  of  gluten-fibrine,  according  to  Bitthausen,  is  carbon 
54*3,  hydrogen  7*2,  nitrogen  16*9,  oxygen  20*6,  and  sulphur  1*0 , 
this  points  to  the  formula  CgyHggNi^jOu. 

3.  Mticedin, — The  alcoholic  extracts  from  2.  contain  mucedin 
and  gliadin,  and  are  united  and  evaporated  to  dryness.  The 
varnish-like  residue  is  treated  with  ether  to  remove  fat,  and  dis- 
solved in  warm  60  to  70  per  cent,  alcohol,  allowed  to  cool,  and 
filtered  from  any  gluten-fibrine  still  remaining.  The  mucedin 
is  now  precipitated  in  a  flocculent  state  by  strong  alcohol,  and 
by  a  repetition  several  times  of  this  operation  is  obtained  pure. 
When  fresh,  it  is  a  whitish-yellow,  slimy  mass  ;  when  dry,  a 
horny,  crumbling  mass.  It  dissolves  easily  in  60  to  70  per  cent, 
alcohol,  but  is  precipitated  by  90  per  cent,  alcohol.  The  acetic 
acid  solution  is  coloured  a  beautiful  violet  on  the  addition  of 
sulphate  of  copper  and  potash,  and  slightly  warming. 

The  mucedin  from  rye  and  barley  is  similar  to  that  of  wheat 
[RiUhausen],  The  elementary  composition  of  mucedin  is  as 
ifollows  : — 

Wheat  Rye.  Barley. 

Carbon, 541  63*6  640 

Hydrogen, 6*9  6*8  7*0 

Nitrogen, 16*6  16-8  170 

Oxyeen, 21*5  223  21*3 

Sulphur, -9  *5  -1 
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4.  Gliadin. — Gliadin  is  obtaiued  by  evajwrating  tlie  alcoholic 
Boiiition  left  from  3.  It  thou  remains  behind  hb  a  clear  yellow 
varnish,  which  is  bo  tenacious  that  it  may  be  drawn  into  threads. 
By  treating  it  with  absolute  alcohol  and  ether,  it  ia  changed  into 
a  friable,  lustreless  mass.  It  is  easily  dissolved  by  40  to  80  ]>er 
cent,  alcohol,  and  this  solution  is  made  milky  by  absolute  alcohol 
and  water,  turbid  by  ether.  By  boiling  it  is  changed  into  an 
insoluble  modi6cation.  If  digested  with  cold  water  it  dissolves, 
and  the  solution  b  opalescent  and  frothy,  giving  a  precipitate 
with  tannic  acid  and  soda.  Gliadin  dissolves  in  dilute  alkaline 
and  alcoholic  solutions  and  in  acetic  aoid  ;  on  neutralisation,  or 
on  addition  nf  salts  of  the  heavy  metals,  precipitat«B  are  formed. 
The  elementary  composition  of  gliadin  is  as  follows  : — 

Mmo  or  two  umItw. 

whHi  aiiidin.  o^tmiddiD.' 

Carbon 52-S  526 

Hydrogen CrS  7*S 

Nitrogen, 18-4  17-7 

21-5  204 


Oxygen, 
Sul^nr 


W,  Mayer  haa  discovered  a  very  important  ratio  between  the 
total  phosphoric  acid  in  wheat  and  corn  generally,  and  the  total 
nitrogen — 1  part  of  phosphoric  acid  corresponding  to  3  parts  of 
nitrogen  ;  the  extreme  variations  do  not  appear  to  be  more  than 
froml:l'83  to  1:2-19.  Ritthauaen,  U.  Krensler,  and  Pote, 
))ave,  however,  fouud  that  in  wheats  very  rich  in  nitrogen,  the 
proportion  may  be — phosphoric  acid  1-  to  1-31. 


ANALYSIS  OF  FLOUR. 

§  84.  The  analysis  of  flour  should  in  all  cases  be  preceded  by  a 
careful  microscopical  examination,  combined  with  measurement 
by  a  micrometer  in  order  to  detect  any  foreign  starches,  &c. 
Flour  in  this  couutry  is  pretty  well  free  from  organic  admixture  j 
but  cases  do  occur,  and  have  occurred  in  other  countries,  in 
which  there  has  been,  from  carelessness  in  the  cultivation  and 
reaping,  some  one  or  other  of  the  following  seeds  : — Melampynaa 
arvmise  [Scrophulariacie],  Lychnis  oit/tago,  Lolnmentum  temv- 
/lentum;  or,  in  bad  seasons,  "blighted"  and  "ergotised"  corn  is 
ground  up  with  good  com. 

The  Melampyrufnarvenge,  or  purple  cotowhecU.iB  A  not  ^jncomiaon 
flower  in  corntields.  Its  structure  is  unlike  that  of  wheat,  and 
may  be  discovered  by  the  microscope.    A  chemical  teat  is  as 
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follows : — About  15  grms.  of  the  flour  are  marie  into  a  soft 
paste  with  acetic  acid,  diluted  with  double  its  volume  of  water. 
The  paste  is  placed  in  a  platinum  dish,  and  the  water  and  acid 
completely  driven  off  by  a  gentle  heat.  The  paste  on  section, 
should  the  melampyrum  have  been  mixed  with  the  flour,  shows 
a  colouration,  violet  or  purple,  accordiug  to  the  quantity. 

Quite  lately  C  Hartwich  found  a  rye  bread  which  was  of  a  violet 
colour.  The  rye  flour  from  which  it  was  made  contained  no  less 
than  1-6  per  cent,  of  the  seeds  of  the  melampyrum.  An  alcoholic 
extract  of  the  flour  showed  an  intense  green  colour,  and  sul- 
phuric acid  gave  a  blue  play  of  colours.  The  seeds  not  only 
of  Melampyrum  arvense,  but  also  of  M.  criatatum,  Rhinanthtis 
hirsutus,  A  lector olophus  major  and  minor ^  Uuphraaia  odontidis, 
and  Pedumiaris  palustris,  all  give  a  violet  colour  to  bread,  and 
probably  contain  the  same  colouring-matter — ^rhinanthin.* 

The  Agrostemma^  or  Lychnis  cithago.f — The  common  corn-cockle 
of  our  fields  is  without  doubt  poisonous,  containing  an  alkaloid, 
"  saponin.**  Flour  mixed  with  seeds  of  the  lychnis  has  a  disagree- 
able bitter  taste,  and  the  foreign  substance  may  be  discovered  by 
a  microscopical  examination.  On  treating  the  flour  with  ether, 
the  percentage  of  oil  is  much  increaseil ;  the  oil  extracted  by 
ether  is  also  of  a  strong  yellow  colour,  and  acrid. 

In  cases  where  a  microscopical  examination  has  discovered 
the  seeds  of  agi'ostemma,  A.  Peterman:^  has  recommended  the 
separation  of  saponin.  100  grms.  of  the  flour  are  exhausted 
by  a  litre  of  80  per  cent,  alcohol,  and  filtered  hot ;  the  filtrate 
is  precipitated  by  absolute  alcohol,  the  precipitate  separated 
and  dried  at  100°,  and  then  exhausted  with  cold  water.  This 
extract  is  again  precipitated  with  absolute  alcohol,  and  the 
saponin  obtained  as  a  yellowish  powder  of  sharp  burning  taste. 
Saponin  is  easily  soluble  in  water,  and  is  perhaps  best  recognised 
by  its  power  of  communicating  a  soapy  appearance  to  water. 
Water  containing  1000th  of  its  weight  of  saponin  froths  on 
shaking  just  like  a  solution  of  soap.  Concentrated  sulphuric  acid 
dissolves  saponin  with,  first,  a  red-yellow  colour,  changing  into 
violet,  and  later,  into  a  more  intense  red.  The  watery  solution 
is  precipitated  by  acetate  of  lead,  and,  if  concentrated,  by  baryta 
water.  2  grms.  given  to  an  adult  will  cause  physiological 
symptoms,  mainly  consisting  of  nausea,  diaphoresis,  and  diuresis; 

*  Arckiv.  der  Pharmaeui,  217,  p.  280. 

t  The  plant  belongs  to  the  nat.  order  CaryophyUacece,  or  clove- worts :  the 
tlower  is  large  and  purple ;  the  stem  dichotomoos,  from  2  to  3  feet  high  ;  the 
caliz  is  coriaceous,  ribbed,  with  5  Uoear  lanceolate,  constantly  erect,  patent, 
very  long  segments,  styles  downy,  capsula  5-toothed. 
X  Ann,  de  dihnie  et  de  pharmacies  5.  xix.,  p.  243. 
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-5  grm.  is  a  fatal  dose  for  a  kitten ;  the  fatal  dose  for  a  human 
adult  is  not  known. 

The  Lolium  temulerUum,  or  Damdy  has  rather  frequently  been 
found  as  an  impurity  in  flour. 

If  flour  contain  darnel  it  may  be  detected  by  the  character  of 
the  alcoholic  extract.  The  flour  is  digested  in  alcohol  of  35** ;  if  it 
is  pure,  the  alcohol  remains  perfectly  clear  and  limpid,  or  at  the 
most,  takes  a  very  pale  straw  colour,  from  dissolving  a  little 
colouring-matter  in  the  envelopes  of  the  wheat,  which  may  be  in 
the  flour,  nor  is  the  taste  disagreeable.  I^  on  the  contrary,  it 
contains  dame],  the  alcohol  takes  a  greenish  hue,  which  darkens 
gradually.  The  taste  of  the  alcohol  is  acrid  and  nauseous,  and 
on  evaporation  it  leaves  a  yellowish-green  resin. 

Detection  of  Ergot  in  Flowr. — It  is  most  important  to  examine 
flour  for  grain  matters  damaged  by  mould,  and  especially  oxvpt. 
A  good  preliminary  test  is  that  recommended  by  A.  v  ogel.*    The 
flour  is  stained  with  aniline  violet,  and  then  examined  micro- 
scopically: the    damaged   starch   granules  take  up   the   colour 
intensely.     This  staining  will  take  place  with  flour  damaged  by 
any  fungus,  and  is  not  a  special  test  for  ergot.     The  best  chemical 
method  is  that  of  Jacopy,  as  modified  by  J.  Petri. t     20  grms.  of 
the  flour  are  placed  in  a  proper  exhausting  apparatus,  such  as  is 
described  at  page  68,  and  exhausted  with  boiling  alcohol  until 
the  last  alcohol  is  colourless.     To  the  alcoholic  solution  20  drops 
of  cold  diluted  sulphuric  acid  are  added,  and  the  liquid  is  filtercid 
and  examined  by  the  spectroscope  in  thinner  or  thicker  layers, 
according  to  the  depth  of  colour.     If  the  flour  is  ergotised,  the 
alcoholic  solution  will  be  more  or  less  red,  and  show  two  absorp- 
tion-bands in  very  dilute  solution,  one  lying  in  the  green  near  e, 
and  a  broader  and  stronger  band  in  the  blue  between  /  and  </ 
On  mixing  the  original  solution  with  twice  its  volume  of  water, 
and  shaking  successive  portions  of  this  liquid  with  ether,  amyl- 
alcohol,  benzine,  and  chloroform,  the  red  colour,  if  derived  from 
ergot,  will  impart  its  colour  to  each  and  all  of  these  solvents. 
Other  tests  have  been  proposed  from  time  to  time ;  as,  for  example, 
a  yellow  colour  developed  when  flour  is  treated  with  an  alkaline 
solution,  and  the  development  of  a  smell  of  trimethyl amine  when 
the  potash  solution  is  heated.     It  may,  however,  be  remarked 
that  the  yellow  colour  would  not  be  conclusive  as  to  the  presence 
of  ergot,  for  otherwise  damaged  flour  will  show  this  reaction;  and 
as  for  the  smell  of  trimethylamine,   it  may  be  noticed   when 
certain  gummy  matters  are  decomposing,  and  though  a  flour  ])ro- 
ducing  such  an  odour  with  potash  cannot  be  considered  healthy, 

•  Chtm,  CentrcUblatt,     [3  f  ]  10.  559. 

t  ZtiUchriftJUr  Anal  Chem.  1879,  pp.  211-220. 
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the  odour  in  itself  would  not  be  conclusive  in  regard  to  the 
presence  of  ergot  The  presence  of  ergot,  and  of  the  seeds 
mentioned,  must  be  regarded,  not  as  adulterations  in  the  sense 
of  a  fraudulent  addition,  but  as  impurities.  Nevertheless,  an 
analyst  would  naturally  certify,  under  the  "  Sale  of  Food  and 
Drugs  Act,"  if  flour  sold  as  good  flour  should  be  found  to  contain 
any  of  these  substances. 

The  following  substances  have  been  fraudulently  added  to 
wheaten  flour : — Rye,  rice-meal,  barley-meal,  potato  starch,  the 
flour  from  various  Leguminosie,  linseed-meal,  buckwheat,  and 
some  other  starches.  It  may  once  again  be  said,  that  in 
England  all  these  adulterations  of  flour  are  of  extreme  rarity 
(with,  perhaps,  the  exception  of  potato  flour  and  ground  rice); 
but  there  is  good  evidence  that  in  times  of  scarcity,  with  bread  at 
famine  prices,  all  kiuds  of  substances  have  been  mixed  with  flour 
and  sold.  What  has  happened  may  occur  again,  and  it  is 
therefore  well  to  know  the  chief  chemical  tests  which  have  been 
recommended  to  detect  even  these  uncommon  admixtures.  The 
general  test  recommended  by  A.  E.  Vogel  may  be  useful :  The 
suspected  flour  is  extracted  with  70  per  cent,  alcohol,  to  which 
hydrochloric  acid  has  been  added,  in  the  proportion  of  5  per  cent, 
of  the  alcohol  employed.  If  the  flour  is  made  of  either  pure 
wheat  or  rye,  the  alcohol  remains  colourless ;  it  is  of  a  pale  yellow 
if  either  barley  or  oats  should  be  present;  orange-yellow  with 
pea  flour ;  purple-red  with  mildewed  wheat ;  and  blood-red  with 
ergotised  wheat. 

Potato  Starch, — So  long  ago  as  1847,  M.  Donn^  proposed  an 
excellent  test  for  potato  starch  in  wheat  flour.  The  flour  is 
examined  in  a  very  thin  layer  under  the  microscope,  in  the 
ordinary  way,  and  then,  while  it  is  under  observation,  a  weak 
solution  of  potash  is  added,  when  potato  starch  will  begin  to 
swell,  and  reach  four  or  five  times  its  volume,  while  wheat 
starch  is  scarcely  affected.  The  test  is  best  applied  by  putting  a 
little  of  the  flour  on  a  stage  micrometer;  it  is  then  easier  to 
appreciate  the  alteration  in  size  of  any  particular  starch.  When 
this  method  of  detecting  potato  starch  is  combined  with  the 
subsidence  process,  proposed  by  Lecanu  in  1849,  so  small  a 
quantity  as  one  part  of  potato  starch  in  a  thousand  of  wheat 
flour  may  be  detected.  The  subsidence  process  is  as  follows :  Any 
convenient  quantity  of  flour,  say  100  grms.,  is  treated  with  40  per 
cent  of  its  weight  of  water,  and  the  gluten  separated  in  the  usual 
way;  the  washing  water  is  well  stirred,  and  passed  through  a  sieve 
to  retain  the  larger  suspended  matters,  and  then  allowed  to  rest  in 
a  conical  vessel  until  a  deposit  has  formed.  Without  waiting 
for  the  supernatant  water  to  become  clear,  it  is  decanted,  and  tW. 
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deposit  mixed  by  stirring  witli  more  water,  ami  allowed  again  to 
deposit  for  a  short  time.  The  wntei-  la  decanted,  and  tlie  process 
again  gone  through.  By  this  means  the  tinsl  and  lowest  deposit 
will  consist  almost  entirely  of  potato  starch,  whicli,  being  of 
greater  specific  gravity  than  wheat,  always  subsides  first  M. 
Kobine,  curiously  enough,  relies  more  upon  a  chemical  identifi- 
cation of  the  apex  of  the  cone  of  deposit  than  uiion  a  microscopical, 
which  latter  is  so  much  more  tlecisive.  The  last  deposit  is 
i-ecomTuended  t"  be  received  on  a,  lump  of  dry  plaster,  the  apex 
cut  off  and  triturated  in  an  agate  raortsi- — glass,  porcelain,  and 
Wedgwood  mortars  do  not  answer — ai»d  tested  with  iodine, 
which  gives  a  blue  colour  with  potato  stai'ch ;  but  under  these 
circumalanees,  not  with  wheat  starch,  the  friction  of  the  smooth 
agate  not  having  been  suHicient  to  tear  tiie  envelopes  off  the 
latter.  M.  Chevallier  has  also  recommended  a  method  for  the 
detection  of  potato  starch,  based  on  the  resistance  which  the 
wheat  granules  possess  to  the  destruction  of  the  outer  nienibranB, 
Equal  weights  of  flour  and  sand  are  to  be  triturated  with  water 
until  a  homogeneous  paste  is  formed,  whioh  is  then  diluted  and 
filtered ;  to  the  filtrate  is  added  a  freshly-prepared  solution  of 
iodine,  made  by  digesting  for  about  ten  minutes  3  grms,  of  iodine 
ia  60  cc.  of  water,  and  then  decanting.  If  the  fiour  is  pure,  this 
addition  will  give  a  pink  colour,  gradually  disappearing;  whilst 
if  potato  starch  should  be  present,  t|he  colour  is  of  a  dark  purple, 
only  disappearing  gradually ;  by  comparing  the  reaction  with 
flour  known  to  be  pure,  this  difference  of  behaviour  is  readily 
appreciated. 

Detection  of  JAguminoua  Starehei,  Ac. — As  previously  stated, 
the  leguminous  starches  give  no  play  of  colours  when  examined 
by  polarised  light  and  a  selenite  plate,  and  are  thus  easily  de- 
tected among  the  iridescent  wheat  starches.  By  treating  the 
flour  also  under  the  microscope  with  a  solution  of  from  10  to  12 
per  cent,  of  potash,  it  ia  possible  to  dissolve  the  starch  granules 
of  the  leguminous  plants,  and  leave  a  characteristic  reticular 
tissue,  made  up,  for  the  most  part,  of  irregular  hexagons.  The 
addition  of  lentils  or  vetches,  on  account  of  the  brown  colour  of 
the  seeds,  can  only  take  place  in  minute  quantity,  and  then  - 
could  only  be  added  to  dark  flours  of  inferior  quality. 

Bean  flour,  haricot  flour,  or  pea  flour,  may  be  mixed  up  to  5 
per  cent,  without  imparting  any  particular  appearance,  odour,  or 
taste.  Beyond  that,  all  these  characters  are  altered.  Bean  Sour 
is  said  to  give  to  the  crust  a  more  golden  brown,  which  is  agree- 
able to  the  eye.  There  is  a  principle  in  beans  and  vetches  which, 
treated  with  nitric  acid  and  ammonia,  gives  a  red  colour.  The 
^Afhod  to  separate  this  colouring-matter  from  blaifled  flour  is 
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to  exhaust  any  convenient  quantity  with  boiling  alcohol,  and  to 
evaporate  the  alcohol  to  a  syrup.  This  syrup  is  freed  from  fatty 
matters  by  ether,  and  the  insoluble  residue  exposed  successively 
to  the  vapours  of  nitric  acid  and  ammonia.  An  amaranth  red 
colour  denotes  the  presence  of  these  substances  "M.  Biot  has, 
however,  stated  that  wheat  from  the  Caucasus  responds  to  this 
test  although  perfectly  pure,  so  that,  like  many  other  reactions, 
it  must  not  in  itself  be  taken  as  conclusive.  M.  Marten  proposed 
to  separate  legumin,  and  M.  J.  Lemenant  des  Chenais  has 
modified  Marten's  original  process  as  follows : — ^The  gluten  is 
separated  in  the  usual  manner,  and  to  the  liquid  containing  the 
starchy  matters  is  added  ammonia,  which  is  a  good  solvent  of 
legumin.  The  starch  is  allowed  to  deposit,  the  liquid  is  filtered, 
and  to  the  filtrate  a  very  dilute  mineral  acid  is  added,  which 
precipitates  legumin  if  present.  The  legumin  is  filtered,  collected, 
dried,  and  weighed.  According  to  M.  Lemenant  des  Chenais, 
'9  of  legumin  in  100  grms.  of  flour  represents  an  adulteration  of 
5  per  cent. 

The  most  scientific  process,  which  embraces  a  fairly  complete 
examination  of  flour  for  the  leguminous  constituents,  is  that  of 
Lecanu  : — The  gluten  is  first  separated  in  the  usual  way.  The 
washing  water,  containing  starch,  soluble  matters,  and  legumin, 
if  present,  is  passed  through  a  sieve  to  separate  coarse  particles 
in  suspension,  and  then  diluted  sufliciently  and  allowed  to 
deposit.  The  liquid  is  divided  into  two  parts,  and  one  part  is 
allowed  to  putrefy  or  ferment  spontaneously.  With  pure  flours 
the  lactic  acid  fermentation  is  most  common ;  with  flours  con- 
taining legumin  there  is  a  putrid  fermentation.  The  other 
portion  is,  after  decantation  and  filtration,  concentrated  until 
a  yellowish  scum  forms  on  the  surface ;  it  is  allowed  to  cool,  and 
separated  from  the  albumen  which  all  flours  contain.  Then 
legumin  is  precipitated  by  adding  drop  by  drop  acetic  acid. 
Legumin  is  identified  by  its  properties.  It  is  without  colour, 
taste,  or  odour.  When  dried  it  is  of  a  homy  consistence,  in- 
soluble in  alcohol,  not  coloured  by  iodine,  but  very  soluble  in 
potash  or  ammonia  water,  from  which  solution  it  may  be  precipi- 
tated by  the  addition  of  an  acid.  The  deposit  is  submitted  to  a 
careful  microscopical  examination,  and  tested  with  iodine  to 
colour  the  starch  and  leave  uncoloured  the  cellular  tissue,  or 
with  potash  in  the  way  described  on  page  156.  The  suspended 
particles  on  the  sieve  are  also  examined  microscopically,  because 
they  often  contain  large  fragments  of  leguminous  cellular  tissue. 

The  leguminous  starches  contain  more  mineral  matter  than 
wheat  flour — for  example,  pea  flour  contains,  on  an  average,  2*65 
per  cent,  of  ash ;  flour,  '7.   .It  hence  follows  that  if  pea  flour,  be 
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mixed  with  wheat  flour  in  the  proportion  of  10  per  cent.,  the  ash 
would  be  '87  instead  of  "7,  and  it  has  been  proposed  to  make  this 
a  test  of  the  presence  of  such  foreign  starohes;  but,  as  the 
example  just  given  shows,  with  moderate  adulteration  it  would 
not  be  at  all  conclusive,  and  must  only  be  considered  one  of  the 
auxiliary  means. 

M.  Hodiguez  has  ascertained  that  when  puro  flour  is  submitted 
to  dry  distillation  in  a  stone  rotort,  and  the  distillate  is  collected 
in  a  vessel  containing  water,  the  latter  will  romain  perfectly 
neutral.  But  if  bean,  pulse,  or  pea  meal  has  been  added,  the 
nvater  will  have  an  alkaline  reaction.  This  test  appears  of  doubt- 
ful value  j  for,  provided  the  distillate  is  alkaline,  the  alkalinity 
may,  it  is  evident,  have  arisen  from  a  variety  of  causes  besides  the 
addition  of  the  substances  mentioned.  It  has  also  been  shown 
by  Bussy  that  certain  cereals  yield  on  distillation  an  add  product. 

Lassaigne  (taking  advantage  of  the  &ct  that  haricot  beans,  as 
well  as  beans,  contain  a  tannin  in  their  envelopes)  adds  a  salt  of 
iron,  which,  with  pure  flour,  gives  a  feeble  sti'aw  colour,  but 
mixed  with  either  of  the  two  mentioned,  or,  of  course,  with  any 
substance  containing  tannin,  gives  various  shades,  from  orange- 
yellow  to  very  dark  green. 

§  85.  Detection  of  Alum  and  Mineral  Matters  gevieraUy  in  Flour, 
— ^The  most  important  test  for  the  detection  of  mineral  substances 
generally  in  flour  is,  without  doubt,  what  is  known  as  the  ''chlo- 
roform "  test — a  test  which,  it  would  appear,  was  first  proposed 
by  M.  Cailletet,  a  pharmacist  of  Charleville,  in  1869,  and  was  in 
fingland  brought  prominently  before  the  notice  of  analysts  by 
the  rosearches  of  Dr.  Dupr6.  The  principle  of  the  method  is 
simple  and  obvious.  The  chloroform  is  of  sufficient  gravity  to 
float  the  starohy  substances  and  allow  the  alum,  sand,  sulphate 
of  lime,  or  other  mineral  matters,  to  sink  to  the  bottom.  It, 
besides,  has  no  very  appreciable  solvent  action  on  alum,  and 
none  at  all  on  the  generaiity  of  mineral  or  saline  substances.  No 
solution  made  of  sufficient  specific  gravity,  by  dissolving  salts  in 
water,  or  any  other  means,  will  answer  the  same  purpose  as 
chloroform,  because,  directly  the  flour  is  moistened  with  water, 
the  alum  is  decomposed  by  the  phosphate  of  potash  present  in 
the  flour,  and  also  forms  an  insoluble  compound  with  the  gluten; 
and,  under  those  circumstances,  as  alum,  it  is  impossible  to  recover 
the  alumina.*  The  method  is  as  follows  : — The  tube  figured  in 
the  article  on  "  Beer  "  is  taken,  and  a  weighed  quantity  of  the 
flour,  from  a  quarter  to  half  a  pound,  is  placed  in  it,  and  sufficient 
methylated  chloroform  added  to  form  a  thin  sort  of  paste ;  the 

*  This  if  the  orthodox  doctrine,  but  the  latest  researohes  of  the  author  do 
not  wholly  oonfirm  the  yiew  stated  in  the  text  {$ee  Index). 
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cylinder  is  closed  by  a  stopper,  shaken  up  once  or  twice,  and 
allowed  to  stand  over  night.  The  next  morning  the  "rod- 
stopper"  is  inserted  and  the  cap  removed;  the  latter  will 
contain  sand  from  the  millstones,  sulphate  of  lime,  alum,  or 
any  other  mineral  powder  of  a  greater  specific  gravity  than 
chloroform,  that  happened  to  be  in  the  flour;  this  fluid  is 
placed  in  a  burette,  some  more  chloroform  is  added,  and  the 
matters  allowed  again  to  subside;  lastly,  the  powder,  with  a  little 
of  the  chloroform,  is  drawn  off  into  a  watch-glass,  the  chloroform 
evaporated,  and  the  powder  digested  in  warm  water,  filtered  into 
a  clean  watch-glass,  and  allowed  to  evaporate  spontaneously.  If 
alum  were  present  crystals  will  be  obtained,  easily  identified  by 
their  form,  and  these,  if  necessary,  can  be  produced  in  court  as  a 
^^ corpus  delicti"  The  chloroform  which  has  been  used  may  be  in 
a  great  measure  recovered  by  simple  filtration,  then  purified  by 
distillation  in  the  usual  way. 

The  alum  crystals  may  be  easily  identified  by  their  form  under 
the  microscope,  and  by  the  reaction  with  gelatine  and  log- 
wood. It  may  be  a  matter  of  some  importance  to  be  able  to 
say  whether  the  alum  present  is  a  potash  or  ammonia  alum.  The 
best  method  of  detecting  this  is  to  take  the  smallest  crystal, 
and  having  previously  dropped  a  single  drop  of  Nessler  solution 
on  a  porcelain  slab,  stir  the  crystal  into  the  Nessler ;  an  imme- 
diate brown  colour  and  precipitate  is  produced  if  the  alum  was 
an  ammonia  alum.  Dr.  Dupr6  has  made  some  experiments  as 
to  the  amount  of  alum  which  by  this  process  it  is  possible  to 
recover.  Three  mixtures  were  made,  containing  respectively  28, 
10,  and  2  grains  of  very  finely  powdered  ammonia  alum  in  100 
grains  of  a  pure  flour.  On  separation  of  the  a)um  by  the  chloro- 
form test,  the  residue  or  deposit  obtained  from  the  chloroform 
was  dissolved  in  cold  water,  and  precipitated  by  baric  chloride, 
and  the  sulphate  of  baryta  obtained  calculated  into  ammonia 
alum;  the  result  was  that  27*1,  8*21,  and  1'14  grains  of  alum  were 
respectively  recovered,  instead  of  28,  10,  and  2  grains,  which  must 
be  considered  as  fairly  satisfactory.  The  sand  and  silica  obtained 
by  the  chloroform  process  will  be  filtered  off,  and  should  be  dried 
and  weighed,  more  especially  since  there  has  been  found  to 
be  a  relationship  between  the  silica  present  and  the  alumina  in 
flour  not  existing  as  alum,  but  as  clay,  &c. 

The  Logwood  Test, — A  freshly-prepared  tincture  of  logwood 
becomes  blue  when  alum  aQd  certain  other  salts  are  added  to  it ; 
an  excellent  and  readily  applied  test  has  been  proposed  based  on 
this  reaction.  To  apply  the  test  to  flour,  the  following  is  the 
usual  process  :?=- 

Fifty  grms.  of  flour  are  weighed  out  and  mixed  by  the  aid  of 
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a  glass  rod  vrith  50  oa  of  distilled  water;  to  thia  is  added  5  ca 
of  recently  prepared  logwood  Bolutioii,  alkaliaed  by  5  oa  of  solu- 
tion of  ammonium  carbonate.     If  yoivTr  P^^  ^^  alum  is  present, 
the  flour  will  become  of  a  lavender-blue  colour  instead  of  pink. 
An  approximate  estimate  of  the  quantity  may  be  obtain^  by 
having  a  standard  solution  of  pure  alum,  1  grm.  to  the  litre,  and 
adding  known  quantities  to  exactly  similar  emulsions  of  pure 
flour,  and  testing  as  before  with  logwood,  until  an  emulsion  is 
obtained  of  very  similar  hue  to  the  flour  originally  tested.     If 
the  cold  extract  gives  a  blue  tint  with  the  logwood  test,  or  if 
the  flour  be  submitted  to  dialysis,  and  the  diSusate  responds, 
alum  is  present  as  alum,  and  is  not  derived  from  dirt^  oUy,  or 
from  the  millstones  themselves.*    The  author  now  uses  little 
strips  of  gelatine  to  concentrate  the  alum  on :  a  bit  of  gelatine  is 
soaked  in  the  cold  extract  of  the  suspected  flour  for  12  hours, 
it  is  then  taken  out  and  steeped  in  the  ammoniacal  logwood ;  if 
alum  is  present  the  gelatine  becomes  of  a  beautiful  blue  colour  ;f 
the  test  is  much  more  decided  than  as  applied  in  the  usual  way. 
The  same  blue  colour  is  produced  by  the  presence  of  magnesia, 
and  clayey  matters  may  also  cause  a  bluish  tint     Nevertheless, 
if  a  flour  or  bread  does  not  respond  to  this  test,  it  is  certain  that 
alum  in  any  quantity  is  not  present;  on  the  other  hand,  if  a  blue 
colour  is  produced,  there  is  certain  to  be  either  an  adultei-ation 
with  alum  or  some  other  admixture,  and  the  sample  should  be 
more  thoroughly  examined. 

Hermann  W.  Yogel^  has  shown  that  alum  and  magnesia  salts 
can  be  recognised  by  their  influence  on  the  spectrum  of  purpurine. 
It  is  evident  that  here  is  a  process  by  which  the  analyst  may  be 
assisted  in  his  diagnosis  of  the  cause  of  any  blue  colour  imparted 
to  flour.  Pure  purpurine  gives,  in  saturated  solutions,  a  spectrum 
extinguishing  wholly  the  blue  part.  An  alcoholic  solution  diluted 
until  it  is  of  a  straw-yellow  colour  extinguishes  the  blue  only 
partially,  and  shows  two  marked  absorption-bands  at  F  and  b 
E.  (see  flg.  12.)  A  diluted  watery  solution  does  not  show  these 
absorption-bands,  but  instead  there  appears  a  stronger  absorp- 
tion in  the  green  between  F  and  6,  a  weaker  in  the  yellow  from 
E.  This  reaction  is  dependent  on  a  trace  of  alkali,  for  it  is  inten- 
sified by  ammonia,  whilst  a  slight  excess  of  acetic  acid  colours 
the  fluid  yellow,  and  then  there  is  only  a  weak  absorption.     The 

*  The  millstones  are  sometimes  mended  with  an  alum  cement.  This  circum- 
stance will  of  course,  from  time  to  time,  be  utilised  for  purposes  of  defence. 

t  The  author,  while  these  sheets  are  passing  through  the  press,  is 
developing  the  test  mentioned  by  further  research,  and  a  note  will  be  added 
giving  nis  final  results  at  the  end  of  this  volume  (see  Index), 

X  veber  eitte  empfindliche  Spectral  AnalyiiKke  Reaction  auf  Tkonerde  und 
Maffnesia, 
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solution  of  pnrpurine  should  be  prepared  from  purpurine  wliioh 
has  been  purified  by  sublimation,  and  it  should  be  made  very 
feebly  alkaline.  To  test  for  alum  it  is  best  to  take  the  deposit 
from  the  chloroform  process  already  described,  and  dissolve  it  in 
not  more  than  1  oa  of  water.  2  oo.  of  water  are  now  placed  either 
in  a  test-tube  or  a  little  glass  cell,  and  three  drops  of  a  saturated 
alcoholic  solution  of  purpurine  added,  and  then  alkalised  by  a 
drop  of  fourfold  diluted  ammonia  water.  On  observing  this 
solution  by  the  spectroscope,  it  appears  as  curve  No.  12,  fig.  12. 
A  drop  of  the  alum  solution  is  next  added :  in  dilute  solutions 
two  bands  gradually  appear;  in  the  presence  of  half  a  milligramme 
of  alum,  the  bands  appear  after  the  lapse  of  several  minutes. 
Magnesia  presents  similar  appearances,  but  is  at  once  distin- 
guished from  alum  by  the  fieu^  that  the  bands  are  destroyed  by 
the  addition  of  acetic  acid. 


ProodmcUe  Analyaia  of  Flour. 

§  86.  The  constituents  of  flour  to  be  determined  are — 

(1.)  Water. 
(2.)  Fat 

SSngar,  Gum,  and  Dextrine. 
Vc^eUble  Albumen. 
Phoepbate  of  Potash. 
(4.)  Gluten. 
(5.)  Ash. 

(1.)  The  water  is  taken  in  the  ordinary  way;  that  is,  by 
weighing  carefully  about  1  to  3  grms.  in  a  tared  dish,  and  expos- 
ing it  to  the  heat  of  the  water-bath  until  it  ceases  to  lose  weight. 

(2.)  The  fat,  according  to  the  researches  of  Peligot,  must  be 
determined  in  the  perfectly  dry  flour,  error  resulting  in  any  other 
case. 

(3.)  The  cold  extract  is  obtained  by  digesting  10  grms.  of  flour 
in  500  CO.  of  water,  and  filtering  and  evaporating  down  250  ca 
in  a  platinum  dish.  According  to  Wanklyn,  100  grms.  of  flour 
yield  to  water — 

Grma. 

Sugar,  ffum,  and  dextrine, 3*33 

Vegetable  albumen, 0*92 

Phosphate  of  potash, 0*44 

4-69 

t 

On  igniting  the  extract,  the  ash  should  consist  entirely  of 
phosphate  of  potash.  When  the  weight  of  the  ash  is  known,  it 
may  be  dissolved  in  water,  and  the  quantity  of  phosphoric  acid 
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estimated  by  titratioii  with  nnudum  solation ;  and  if  from  this 
there  is  any  discropanoy  between  the  caloolated  phosphate  of 
potash  and  that  foond,  the  ash  should  be  carefully  examined. 

The  determination  of  the  sugar  iind  dextrine  may  be  made  by 
the  processes  described  at  p.  113  «l  mq.;  but  it  is  usually  sufficient 
to  obtain  merely  the  weight  of  the  cold  extract  and  the  weight  of 
its  ash. 

A  method  of  estimating  the  value  of  flour  by  the  amount  of 
solid  matter  dissolved  by  acetic  acid  has  been  proposed  by  M. 
Robing,  who  has  taken  advantage  of  the  property  which  acetic 
acid,  when  properly  diluted,  has  of  dissolving  the  gluten  and 
albumen,  and  leaving  intact  the  starchy  matters.  The  acetic 
acid  solution  increases  in  density  according  to  the  amount  of 
solid  substances  it  dissolves,  and  he  has  constructed  an  areometer, 
graduated  in  such  a  manner  that  each  degree  represents  the 
value  of  the  flour  expressed  in  a  loaf  of  2  kilometres  weight 
A  table  is  sold  with  the  instrument,  and  without  doubt,  although 
not  exact  enough  for  the  food-analyst,  the  process  is  of  some 
value  to  the  buyer  of  flour.  The  areometer  is  called  **  Appre- 
ciateur  des  Farines,**  The  acetic  acid  is  diluted  until  the  "  appre- 
ciaUur  "  sinks  to  93°  on  the  scale.  24  grms.  of  flour  of  the  flrst 
quality  are  taken  for  the  assay,  but  if  the  flour  is  of  the  second 
quality,  then  32  are  taken.  This  quantity  of  flour  is  washed 
successively  with  six  quantities  of  the  acid,  each  time  using 
31 '25  ca,  and  all  the  time  triturating  in  a  mortar.  After  ten 
minutes  the  whole  is  poured  into  a  vessel,  plunged  in  cold  water 
of  exactly  15°,  and  allowed  to  remain  at  rest  for  an  hour;  the 
liquid  is  then  decanted,  and  the  "  appreciateur  "  floated  in  it.  By 
the  number  indicated,  the  number  of  loaves  of  bread  2  kilo- 
grammes in  weight  which  150  kilogrammes  of  the  flour  will  give 
is  at  once  seen. 

(4.)  The  gluten  or  albuminoids  can  only  be  approximately 
determined  by  the  washing  process  described  at  page  150 ;  the 
usual  method  is  to  make  a  careful  combustion  of  a  small  weighed 
portion  of  the  flour  with  cupric  oxide,  and  to  measure  the  nitrogen 
obtained,  and  then  to  multiply  the  percentage  of  nitrogen  found 
by  the  factor,  6*33. 

(5.)  The  CLsh  is  burnt  in  the  usual  way,  and  is  somewhat 
difficult  to  consume,  especially  if  any  quantity  of  flour  is  taken. 
It  has  been  proposed  to  mix  the  flour  with  nitrate  of  ammonia, 
then  to  heat  carefully,  and  directly  fusion  commences,  to  with- 
draw the  flame.  Flour  can  certainly  be  burnt  up  very  quickly 
in  this  way.  If  this  method  should  be  adopted,  it  will  be  very 
necessary  for  the  analyst  to  ignite  a  corresponding  quantity  of 
nitrate  of  ammonia  in  a  platinum  dish,  and  see  whether  any 
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residue  is  left.  Occasionallj,  nitrate  of  ammonia  may  be  met 
with  which  is  sufficiently  impure  to  cause  an  error  in  analysis. 
Flour  may  also  be  burnt  up  in  a  platinum  trough  in  a  combustion 
tube.  In  this  case  it  is  most  convenient  to  begin  the  combus- 
tion in  ordinary  air,  and  then  to  finish  in  oxygen.  A  properly 
burnt  flour  ash  should  be  below  1  per  cent. ;  if  it  attains  1  per 
cent.,  mineral  adulteration  is  probably  present.  (The  method  of 
estimating  alumina  and  silica  in  the  ash  of  flour  is  fully  detailed 
at  pages  169-171,  and  also  the  relationship  between  the  silica  and 
the  alumina.) 

Legal  Coae  BdcUive  to  Flour. 

§  87.  The  following  brief  absti*act  will  show  the  lines  of 
defence  likely  to  be  adopted : — 

In  the  month  of  Februaiy,  1880,  the  case  of  a  miller  sammoned  for  Bellinff 
adulterated  flour  was  heara  at  the  Eckington  sessions.  The  analyst  deposed 
to  having  found  alum,  in  the  proportion  of  24  grains  to  4  pounds  of 
flour.  He  obtained  the  alum  as  alum  by  the  chloroform  process.  He  shook 
the  flour  with  chloroform,  which  was  a  neavy  liquid,  the  flour  floated,  and 
the  alum  sank  to  the  bottom;  it  was  from  what  sank  that  he  obtained 
crystals  in  the  characteristic  form  of  alum;  he  tasted  it,  and  it  had  the 
astringent  taste  of  alum.  It  gave  the  logwood  reaction  such  as  alum  gives. 
He  placed  about  30  grains  of  the  flour  in  the  chloroform,  and  the  precipi- 
tate was  probably  one-eighth  of  a  grain.  He  let  the  chloroform  evaporate, 
and  so  ootained  the  crystals ;  alum  crystallises  in  octohedra  of  the  cubical 
system  ;  the  alum  was  in  the  fragmentary  form  until  water  was  added  to 
the  deposit  from  the  chloroform,  and  the  liquid  Altered  and  evaporated. 
Silica  crystallised  in  hexagonal  prisms,  and  could  not  be  mistaken  for  alum, 
besides,  it  was  insoluble  in  water.  He  had  made  an  analysis  for  the  purpose 
of  estimating  the  quantity  of  alumina  present,  and  found  it  was  in  the 
proportion  corresponding  to  30  grains  of  alum  to  4  pounds  of  flour. 
On  being  asked  whether  clay  and  dirt  might  not  account  for  the  alumina, 
the  answer  was  that  clay  and  dirt  might  m  present  as  a  silicate  of  alumina, 
but  it  would  be  insoluble  in  water,  and  would  not  give  the  reaction  with 
logwood.     The  defence  was — 

1.  That  the  analyst  was  mistaken. 

2.  That  alum  was  occasionally  used  in  the  mill  for  filling  up  the  cracks  in 
the  stones. 

3.  That  the  defendant  had  made  his  flour  lately  from  foreini  grain  on 
account  of  the  bad  quality  of  English  wheat  at  the  time,  and  there  was 
nothing  astonishing  m  finding  24  grains  of  alum  in  such  wheat  although 
perfectly  pure  and  unadulterated. 

An  analyst  was  called  for  the  defence  who  did  not  seem  to  be  acquainted 
with  the  chloroform  test,  but  had  estimated  the  total  alumina.  The  sist  of 
his  evidence  was  that  he  could  not  say  positively  whether  there  was  alum  or 
not  in  the  flour,  and  that  he  thought  that  so  small  a  quantity  of  alum  as 
could  be  separated  from  30  mms  could  not  be  identified.  The  matter 
was  then  referred  to  Somerset  House,  and  the  €k>yemment  chemists  fiilly 
cooyflrmed  the  presence  of  alum  in  the  flour.* 

*  Analyst,  1880,  p.  72-86. 
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§  88.  The  term  Bread  Iim  been  applied  to  any  form  of  floor 
made  into  bread,  but  that  made  from  wheaten  flour  can  alone  be 
treated  of  bere.  Wbeaten  bread  ii  the  flour  of  wheat  made 
into  a  paste  with  water,  and  the  paste  is  permeated  hj  carbon 
dioxide,  either  by  adding  yeast,  wmch  causes  a  taie  fermentation 
with  the  production  of  uoohol  and  carbon  dioxide^  or  the  carbon 
dioxide  is  added  in  solution  in  water  to  the  paste,  as  in  Dauglish's 
system.  The  explanation  of  the  bread-making  process  is  not 
thoroughly  worked  out  in  all  its  details^  but  the  foflowing  theory 
agrees  fiiirly  well  with  what  is  witnessed :  On  adding  yeast  to  the 
dough,  it  is  placed  on  one  side,  at  a  suitable  temperature,  and 
allowed  to  nse,  that  is,  fermentation  proceeds,  and  Uiere  is  a  con- 
tinual evolution  of  gas;  the  starch  in  some  degree  becomes  changed 
into  sugar,  which  sugar  is  decomposed  into  carbon  dioxide  and 
alcohol.  The  gluten  prevents,  or  rather  retails,  the  escape  of 
the  carbon  dioxide,  and  the  tension  of  the  warm  gas  expands  little 
cells,  and  gives  to  the  bread  its  &miliar  light  spongy  appearance. 
The  alcohol  mostly  escapes,  and  although  in  large  bread-making 
establishments  it  would  seem  to  be  feasible  and  economical  to 
recover  the  alcohol,  hitherto  no  really  good  appliance  has  been 
invented  for  this  purpose,  the  apparatuses  which  have  been  tried 
interfering  with  the  baking  of  good  bread.  The  outside  of  the 
loaf,  when  placed  in  the  oven,  is  raised  to  a  temperature  of  from 
210**  to  212^  but  the  crumb  is  seldom  much  above  100°.  The 
crust  is  to  some  extent  caramelised,  and,  on  analysis,  shows,  as 
might  be  expected,  very  much  less  water  than  the  crumb.  Thus, 
Rivot  found  in  twenty-one  samples  of  bread  from  20*45  to 
47'11  per  cent,  hygroscopic  water  in  the  crumb,  and  16*40  to 
27*44  per  cent,  in  the  crust.  Tracing  one  by  one  the  chief 
chemical  changes  which  the  flour  undergoes  under  the  influence 
of  the  yeast-fermentation  and  subsequent  baking,  we  consider, 

1.  NitrogenouB  McMers. — ^The  soluble  albumen  becomes  in- 
soluble, and  can  no  longer  be  separated  from  the  starch.  The 
gluten-caseine  and  gluten-fibrine  form  some  intimate  combination 
with  the  starch.  The  gliadin,  however,  still  may  be  extracted 
out  of  the  bread,  as  out  of  the  flour,  by  the  action  of  alcohol. 
In  the  crust  there  is  a  partial  destruction  of  the  nitrogenous 
substance.     Thus,  Y.  Bibra  found — 

WbMten  Bread.  Bjs  Bread. 

Nitrogen  per  cent.       Nitrogen  per  cent 

Crumb,          ....        1*498  1*476 

Cnut, 1*363  1-293 
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3.  The  Starch,  as  already  explained,  is  in  part  changed  into 
sugar,  which  sugar  is  farther  decomposed  into  carbon  dioxide 
and  alcohol ;  a  part  of  the  alcohol  appearing  as  acetic  acid,  and  a 
part  of  the  sugar  appearing  as  lactic  acid.  There  are  also  other 
volatile  acids  of  the  acetic  series  formed  (notably  with  dirty 
breads),  and  small  quantities  of  butyric  acid  can  be  obtained 
and  identified  if  the  watery  extract  (which,  by  the  way,  always 
reacts  acid)  is  distilled  after  the  manner  of  Duclaux.  All  the 
sugar  formed  is  not  decomposed,  but  the  bread  invariably  con- 
tains more  sugar  than  the  flour  from  which  it  was  made.  A 
portion  of  the  starch  is  also  changed  into  dextrine,  and  through 
all  these  causes  the  bread  contains  always  more  soluble  carbo- 
hydrates than  the  flour. 

3.  The  Fatty  Matters  are  not,  so  far  as  is  known,  changed. 

4.  The  Ash  is  not  changed,  save  by  the  minute  proportion  of 
yeast  ash  which  is  added  to  it,  an  addition  quite  inappreciable. 
Further,  any  salt  added  by  the  baker  increases  a  little  its  weight; 
but  the  ordinary  method  of  burning  bread  voUtilises  very  effec- 
tually chlorides  of  the  alkalies,  so  that  the  ash  of  bread  is  still 
very  small.  It  has  been  said  that  the  alcohol  escapes,  which  is 
true  with  r^ard  to  the  bulk  of  the  alcohoL  Alcohol,  however, 
has  a  wonderful  property  of  adhering  to  organic  substances,  and 
Th.  Bolas  has  shown  that  it  can  be  detected  in  fresh  bread 
in  greater  quantities  than  would  d  priori  have  been  suspected. 
Thus,  he  found  in  six  fresh  samples  of  bread  the  following  per- 
centages of  alcohol : 

Minimnm, *221 

Maximum, '399 

Mean, *313 

In  two  of  the  samples  a  week  old,  he  was  able  to  detect  '132 
to  -120  per  cent,  respectively.  On  keeping  bread,  there  is  a 
continual  loss  of  water,  and  it  becomes  *' stale  **  from  some 
peculiar  molecular  change.  That  this  staleness  is  not  due  to  the 
loss  of  water  is  proved  by  the  simple  experiment  of  re-baking  a 
loaf,  when  it  becomes  for  the  time  fresh  again,  but  more  rapidly 
after  this  process  becomes  stale  and  is  notably  drier.  Y.  Bibra 
found  that  a  bread  cannot  be  made  fresh  again  if  it  has  lost 
30  per  cent,  of  water,  but  if  the  loss  of  water  is  below  that,  it  then 
may  be  freshened  by  re-baking.  V.  Bibra  found  that  wheaten 
brc^  lost  the  following  percentages  of  water: — 

After  IdAj.  8  days.  TcUyi.  lAcUyi.  SOcUys. 
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The  mean  composition  of  wheaten  bread,  from  a  large  number 
of  analyses  collected  by  Konig,  is  as  follows : — 
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Woody  fibre, 

■3.1 
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MS 
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The  ash  of  a  properly  burnt  wheaten-flour  loaf  seldom  exceeds 
1-5  jwr  cent,  nnless  odulteTated ;  anything  beyond  2  per  cent, 
■would  be  certainly  suapicioua  of  a  mineral  addition.  There  has 
recently  been  an  agitation  on  behalf  of  "whole  meal  bread,"  and 
analyses  of  the  greater  richness  of  such  bread  in  azolised  con- 
stituents are  frequently  quoted  ;  but  such  a  question  cannot  be 
decided  by  chemioal  analysis,  or,  at  all  events,  by  ordinary 
analysis,  in  which  a  few  constituents  are  alone  estimated.  Tlie 
question  is  rather  a  phyBiologico-chemical  inqniry,  and  the  proper 
way  to  solve  the  problem  is  to  go  on  the  lines  of  the  well-known 
experiments  of  G.  Meyer.  A  healthy  individual  is  taken  and 
fed  oa  known  weights  of  the  substance  experimented  upon,  and 
the  amount  of  undigested  substance  recovered  from  the  fieces 
is  weighed.     Meyer  thus  experimented  on — 

(I.)  HoTsford-Liebig  bread,  which  is  made  without  the  addition 
of  yeast  or  leaven,  the  carbon  dioxide  being  developed  by  the 
action  of  bicarbonate  of  soda  on  phosphate  of  potash. 

(2.)  Munich  rye  bread,  prepared  from  rye  bread  and  coarse 
wheat  meal  and  leaven. 

(3.)  White  wheaten  bread. 

(4.)  North  Qermau  black  bread  {Pump«mv^l)  prepared  out 
of  whole  rye  meal,  and  with  the  use  of  ieaven. 

The  amount  of  dry  substance,  &e.,  absorbed  i 
these  different  breads,  was  found  to  be  as  follows 


1.  Tha  BUck  Bread,      . 

2.  Hortfbrd-Iiebig  Bread, 
31  Ry«  Bread, 

4.  White  Bread,    . 
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It  is  thus  shown  that  of  the  black  bread  a  person  would  have 
to  eat  very  much  more  than  of  white  bread.     The  white  wheaten 
iB  nearly  all  absorbed.  That  this  experiment  was  not  made 


with  whole  wheaten  meal  u  true,  but  it  still  unmistakably  casts 
some  doubt  on  the  question  as  to  whether  whole  meal  would  be 
more  nourishing  than  pure  white  flour. 

AUeralions  of  Bread  by  Moulde,  &e. — Bed,  green,  orange,  and 
black  spots  occasionally  appear  on  bread,  and  there  are  several 
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instances  on  record  of  great  damage  and  loss  from  such  parasitic 
diseases. 

In  1856,  in  France,  M.  Poggiale  was  commissioned  to  examine 
22,000  rations  served  out  to  the  French  troops,  the  bread  of 
which  had  turned  a  bluish-black.  The  bread  had  been  made 
of  inferior  grain,  but  it  also  contained  an  enormous  number  of 
bacteria.  Rather  frequently,  also,  bread  and  other  foods  have 
been  attacked  by  an  orange-red  growth,  which  has  been  attri- 
buted to  a  fungiis,  to  which  has  been  given  the  popular  name 
of  the  red'brecul  funguSf  its  scientific  appellation  being  Oidium 
aurarUiacum.  A  red  algse  sometimes  appears  on  bread ;  it  has 
been  named  the  Falmdla  prodigiosa,  and  has  been  specially 
studied  by  Dr.  Antoine  Franchini,  of  Bologna.  To  the  eye,  the 
algae  resembles  almost  exactly  drops  of  blood.  It  is  composed 
of  cells  and  filaments  filled  with  a  bright  red  colouring-matter, 
which  would  well  repay  examination. 

The  more  common  moulds  of  bread  are  the  whitish  Mucor 
muoedoy  the  green  Aspergillus  glatLCUs,  and  the  black  Bhizopus 
nigricans.  It  has  not  yet  been  established  that  any  of  the 
moulds  or  growths  enumerated  are  in  themselves  injurious  to 
health ;  but,  as  may  be  expected,  they  damage  the  bread,  making 
it  deficient  in  nourishment,  and  unpalatable. 

§  89.  Adulterations  of  Bread, — The  adulterations  of  bread 
enumerated  by  writers  are  sufficiently  numerous,  but  those 
actually  proved  to  exist  are  but  few.  Among  organic  additions 
rice  flour,  potatoes,  bean  flour,  and  pea  flour  are  usually  given  ; 
among  mineral,  alum,  borax,  sulphate  of  copper,  sulphate  of  zinc, 
chalk,  and  carbonate  of  magnesia. 

In  1843  and  1847,  some  bakers  in  Belgium  were  conviotedlaf 
adding  sulphate  of  copper  to  their  bread,  and  this  fraud  has  biSB. 
repeated  a  few  years  ago  by  a  baker  of  Calais.  There  is,  howerwr, 
no  reason  to  believe  that  English  bakers  are  addicted  to  these 
practices,  and,  as  a  fact,  no  conviction  has  been  obtained  save  for 
the  use  of  alum.  The  detection  of  rice  flour,  bean  flour,  foreign 
seeds  is  to  be  undertaken  in  the  same  way  as  described  in  the 
sections  on  flour,  save  that  here  the  chemical  tests  are  more  useful 
than  the  microscopical.  It  is  an  extremely  difficult  thing  to 
detect  and  identify  most  starches  when  they  have  been  swollen 
by  heat  and  altered  by  fermentation.  The  only  feasible  course 
appears  to  be  to  make  bread  of  flour  adulterated  with  the  sub- 
stance suspected  to  be  present,  and  examine  sections  and  wash- 
ings of  such  bread  side  by  side  with  similar  sections  and  washings 
of  the  suspected  bread.* 

*  An  exceptioD  may,  perhaps,  be  made  to  this  statement  in  the  case  of 
potato  starch,  which  may  be  recognised  tolerably  easily  even  m  VR«%ii. 
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§  90.  Alum  in  BrmtL—Alma  is  added  to  bad  or  alightlj 
duoaged  flour  by  both  the  miller  and  the  baker.  Its  aotiom, 
aooording  to  liebig,  is  to  render  insoluble  gluten  which  has  been 
made  soluble  by  acetio  or  lactic  acids  dereloped  in  damp  flour, 
and  it  hence  stops  the  undue  conversion  of  starch  into  dextrine 
or  sugar. 

The  influence  of  alum  on  health,  in  the  small  quantities  in 
which  it  is  usually  added  to  bread,  is  veiy  problematical,  and 
rests  upon  theory  more  than  observation.  But  notwithstanding 
the  obscurity  as  to  its  action  on  the  economy,  there  can  be  no 
difierence  of  opinion  that  it  is  a  serious  adulteration,  and  not  to 
be  permitted. 

In  searching  for  alum,  the  crust  and  the  crumb  should  be 
analysed  separately;  for  many  bakers  use  for  the  latter  a  flour 
technically  called  ''cones,**  which  is  stnmglv  alumed,  and  pre- 
]mred  from  a  fine  species  of  wheat  grown  in  tne  south  of  Europe, 
mixed  with  rice.  This  mixture  is  used  for  dusting  the  kneadmg 
trough  and  kneading  boards ;  in  point  of  foct,  for  ^'/cudng "  the 
sponge  previous  to  baking  it.  To  search  for  alum  in  the  crust, 
there  is  no  other  method  save  burning  to  an  ash,  as  shortly  to  be 
described ;  but  with  regard  to  the  crumb  of  bread,  the  qucUitative 
test  is  the  same  as  for  flour — viz.,  an  ammoniacal  tincture  of  log- 
wood. From  300  to  400  grains  of  bread  are  crumbled  in  distilled 
water,  and  a  slip  of  pure  gelatine  added,  and  the  whole  allowed 
to  soak  for  twelve  hours.  On  dissolving  the  gelatine  in  a  little 
logwood,  to  which  its  own  volume  of  a  ten  per  cent,  solution  of 
ammonium  carbonate  has  been  added,  if  the  bread  is  pure  the 
solution  will  be  reddish-pink;  if  the  br^td  is  alumed,  the  solution 
will  be  blue,  and  exhibit  the  spectroscopic  appearances  described 
in  the  note  at  the  end  of  this  volume  {see  Index),  This  blue 
colour  is  not  absolutely  decisive  of  alum,  for  bread  adulterated 
with  magnesia  carbonate  exhibits  the  same  reaction ;  but  if  such 
a  colour  is  produced,  the  bread  requires  further  examination. 

The  author,  in  some  special  researches,  has  recently  discovered 
that  a  certain  portion  of  alum  may  always  be  washed  out  of 
bread  as  alum.  He  employs  the  following  process  :  the  bread 
is  soaked  in  water  for  at  least  twenty-four  hours  (about  2 
litres  of  water  are  used  to  100  grms.  of  bread).  The  bread  is 
separated  by  means  of  a  sieve,  and  the  mass  afterwards  pressed 
in  a  cloth,  ultimate  clear  filtration  being  obtained  when  necessary 
by  aid  of  the  mercury  pump.  This  extract  may  be  concentrated 
in  a  platinum  dish,  and  when  cooled  a  slip  of  gelatine  allowed 
to  steep  in  a  portion  over  night.  The  gelatine  on  being 
stained  with  logwood  will  exhibit  a  blue  colour,  if  magnesia  or 
alum  is  present    Another  portion  of  the  extract  is  dried  and 
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burnt  ap  in  the  usual  way,  as  in  the  process  to  be  described^  and 
the  phosphate  of  alumina  separated.  The  phosphate  of  alumina 
is  now  fused  with  sodic  sulphate,  the  result  of  the  fusion  being 
sodic  phosphate  and  alumina.  The  sodic  phosphate  Ib  washed 
out  with  water;  the  alumina  boiled  with  a  drop  or  so  of  dilute 
sulphuric ;  and  to  the  sulphate  of  alumina  thus  obtained,  a  little 
solution  of  ammonia  is  added,  and  the  whole  put  in  a  watch- 
glass  to  crystallise  over  sulphuric  acid.  To  obtain  crystals  in 
this  way  is  often  very  difiGlcult,  but  that  alum  is  really  present 
can  be  readily  proved  by  the  reactions  of  the  solution  with 
reagents.  By  strictly  following  these  directions,  a  very  small 
quantity  of  alum  can  be  detected.  In  a  test  experiment  in  a 
sample  of  bread  in  which  5  grains  of  alum  had  been  added,  it 
was  found  possible  to  obtain  1*5  in  aqueous  solution. 

The  qtumtitaUve  method  for  estimation  of  the  total  alumina 
in  bread,  as  originally  proposed  by  Dupr6,  and  slightly 
modified  by  Wanklyn,  is  as  follows: — 100  grms.  of  bread  are 
incinerated  in  a  platinum  dish,  until  the  ash  does  not  exceed  2 
grms.  in  weight.  The  ash  is  then  moistened  with  3  cc.  of  pure 
strong  hydrochloric  acid,  and  20  to  30  cc.  of  distilled  water 
added  ;  the  whole  is  boiled,  filtered,  and  the  precipitate  (consist- 
ing  of  unbumt  carbon  and  silica)  well  washed,  dried,  burnt, 
and  weighed.  To  the  filtrate  containing  the  phosphates,  5  cc. 
of  strong  solution  of  ammonia  are  added.  If  the  bread  has 
been  alumed,  the  phosphates  now  precipitated  are  those  of  lime, 
magnesia,  iron,  and  alumina,  of  which  the  latter  (viz.,  phosphate 
of  iron  and  alumina)  are  insoluble  in  acetic  acid,  so  that  their 
separation  is  easy.  The  liquid  is  strongly  acidified  with  acetic 
acid,  boiled  and  filtered,  and  the  phosphates  of  alumina  and  iron 
washed  and  weighed.  Unless  the  liquid  has  been  acidified 
sufficiently,  phosphate  of  lime  contaminates  the  precipitate  and 
vitiates  the  results,  so  that  this  is  an  essential  point.  The  last 
step  is  resolution  of  the  precipitate  in  acid,  and  the  estimation 
of  the  iron;  this  is  usually  best  effected  by  a  colorimetric  process. 
A  standard  solution  of  metallic  iron  is  made  by  dissolving  a 
gramme  of  fine  iron  wire  in  nitro-hydrochloric  acid,  precipitating 
with  ammonia,  washing  the  peroxide  of  iron,  and  dissolving 
it  in  a  little  hydrochloric  acid,  and  diluting  accurately  to  1 
litre  [1  cc  =  1  mgrm.  of  metallic  iron].  On  now  adding  to  an 
unknown  very  dilute  solution  of  iron  a  known  quantity  of  strong 
ammon.  sulphide,  a  certain  colour  is  produced,  and  this  colour 
is  exactly  imitated  in  the  usual  way  by  a  similar  quantity 
of  ammon.  sulphide  and  the  standard  solution,  the  whole  opera- 
tion being  conducted  on  the  well-known  principles  of  colorimetric 
estimation.     The  amount  of  iron  in  the  precipitate  being  known^ 
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it. is  calcnlated  into  phosphate,  and  the  phosphate  of  iron  sub- 
tracted from  the  total  weight  of  the  precipitate  gives  tlie 
weight  of  tlio  phosphate  of  alumiDft.  From  Mr.  Wanklyn's 
experiments  it  would  seem  that  in  the  case  of  bread  ash,  it 
ii  jutneaeeUiTj  to  evaporate  the  hydrochloric  aolution  to  dryness, 
as  i§  nsuftUy  done,  aud  that  the  separation  of  silica  is  complete 
by  the  method  just  detailed. 

Another  perfectly  valid  way  of  estltnating  alumina  in  bread 
or  flour,  ooUEista  in  a  modification  of  the  old  Normandy  prooesN. 
The  bread  la  burnt  np  as  before,  the  ash  powdei-ed  and  treated 
with  hydric  chloride,  diluted  with  water,  boiled,  and  filtered. 
The  filtered  solution  is  again  boiled,  and  whilst  boiling  poured 
into  a  very  strong  solution  of  sodic  hydrate,  the  whole  boiled, 
filtered,  and  washed.  To  the  filtrate  is  added  a  few  drops  of 
disodio  phosphate,  it  is  then  slightly  acidified  with  hydric 
chloride,  and  subsequently  rendered  just  alkaline  by  ammonia. 
The  precipitate  is  collected,  washed,  and  weighed  as  alumina 
phosphata 

The  following  table  will  be  of  use  in  the  conversion  of  phos- 
phate of  alumina  into  alum : — 

nottibUt  at  Uaaiim, 


NHfcAl,J30tl»H,0. 

KAUiSOtlKHia 

FhU. 

PvU. 

3-733 

4-*81 

7-*M 

8-962 

11199 

14-443 

17-924 

16-669 

22-405 

22-398 

26-866 

26-131 

31-367 

29-864 

35  848 

33-697 

40-329 

37-336 

44-813 

If  it  ia  desired  to  separate  the  phosphoric  acid,  the  phosphates 
of  nlnmina  and  iron  may  be  treated  with  six  times  their  weight  of 
sodio  sulphate,  as  before  stated.  Since,  when  operating  in  the 
usnal  way,  the  alumina  is  not  recovered  as  alum,  but  as  a  salt 
of  alumina,  it  is  of  importance  to  know  whether  alumina  is  con- 
tained in  unadulterated  flour,  and  if  so  in  what  quantity.  It  is 
certain  that  properly  cleansed  wheat  contains  no  trace  of  alumina ; 
but  particles  of  clay  from  the  ground,  as  well  as  sand  from  the 
millstones,  do  as  a  fact  get  into  wheat  flour,  and  there  is  no  second- 
class  flour  in  commerce  which  does  not  contain  some  small  per- 
centage of  alumina.  It  might  be  expected  that  this  adventitious 
alumina  would  have  some  sort  of  relationship  to  silica,  for  it 
OAy  be  preaumed  to  exist  as  sUicate  of  alumina.    We  fortunately 
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possess  a  few  analyses  by  Dr.  Dupr6,  and  an  elaborate  research 
of  Mr.  Carter  Bell,  which  will  very  fairly  settle  the  question. 
Dr.  Dupre  analysed  twelve  commercial  samples  of  flour,  none  of 
which  gave  any  reaction  with  the  logwood  test,  and  the  results 
of  the  quantities  of  alumina  and  silica  are  as  follows  : — 


AlnmliuL 
Per  cent  of  Aih. 

Silica, 
Per  cent  of  Aih. 

Ratio. 

Mioimnro, 

•63 

3-08 

1  :4-7 

Maximum, 

3-72 

26-91 

1  :  72 

Mean,    . 

1-98 

10-4 

1  :5-2 

Mr.  Carter  Bell  analysed  no  less  than  forty  samples  of  flour, 
none  of  which  contained  alumina  as  alum,  and  the  following  are 
the  main  results  : — 


Almnina. 

SiUca. 

Ratio. 

Minimnm, 

•003 

•009 

1  :  30 

Maximum, 

•Oil 

•109 

1  :91 

Mean, 

•004 

•034 

1  :8'6 

Mr.  Carter  Bell  also  analysed  thirty 4 wo  samples  of  bread, 
none  of  which  gave  any  reaction  with  the  logwood  test;  the 
main  results  of  these  analyses  are  as  follows : — 


Iron 

Alamina 

Water. 

Silica. 

Phosphate. 

Phosphate. 

Minimum,  . 

40-30 

•010 

•0006 

•0022 

Maximum,  . 

49-60 

•039 

•0040 

•0082 

Mean, 

45-56 

•016 

'0018 

•0049 

In  these  last  researches  with  relation  to  bread,  the  ratio 
between  the  silica  and  alumina  is  1  of  silica  to  7^1  of  alumina. 
If  the  alumina  is  translated  into  alum,  the  important  result  is 
obtained  that  the  number  of  grains  of  alumina,  if  calculated 
into  alum,  about  equals  the  silica.  Thus,  in  the  mean  of  the 
thirty-two  samples  of  flour,  the  alumina  was  4  mgrms.  Now  4 
mgrms.  -004  of  alumina  is  equal  to  •035  of  ammonia  alum,  and  the 
silica  is  -034.  Or,  again,  if  the  mean  numbers  of  the  silica 
and  alumina  of  the  thirty-two  samples  of  bread  are  taken,  there  is 
•016  silica  to  '019  of  the  phosphate  of  alumina  turned  into  alum. 
This,  if  calculated  on  the  4  lb.  loaf,  would  be  a  little  over  5  grains 
of  alum.  Hence  from  these  researches  it  is  clear,  that  in  cases 
in  which  the  analyst  finds  the  presence  of  alum  in  bread  from 
tests  detailed,  and  then  bums  a  quantity  of  the  bread  up,  and  in 
the  ash  estimates  the  phosphate  of  alumina  and  the  silica,  it  will 
be  a  perfectly  fair  calculation,  to  cUlow  for  every  part  of  eUica 
found  one  part  of  alum,  and  this  quantity  is  to  be  deducted  as 
natural  to  thejlour  in  the  final  calculation. 
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ilnn.  d'Hyg.  et  de  Mid.  LIg..  1S29,  t.  i.,  p.  297. 
Pavwt.— AltinrtioQ  da  p«in.     Comptee  rendui  de  CAettdtmie  da  Seienets, 

Jnillet.  1848 ;  JoHm.  de  Pharm.,  xvi.,  p.  279. 
PoooiALE.— Snrniiealtdntioa  apCciale  et  extr«ordinaiie  da  pain  de  maai- 

tioo.    BulL  dttAead.de  Med.,  l&l\,t.ij.Y\. 
BtTTHAUsiH,  A J<mm.  PraeC  Chem.,  Izzzv.  193 ;  Ixxzvj.  SS7  ;  IxuviiL 


$91.] 


BIEAD. 


173 


141 ;  xd.  296 ;  zoix.  439 ;  dii.  e5,  193,  23a,  273.    Die  EiweiaBkVriMr 

der  Getroideuien.    Bonn,  1872. 
RivoT. — Snr  rezamen  des  fiurines  et  da  pais.    Afinalea  dea  Minea,  5  Ser., 

1866,  t.  X.,  p.  131. 
RoDBiouxz. — Sur  16  melange  de  la  farine  de  froment  kvbo  d'antres  furines. 

Ann.  (Tffygikne  et  de  M6d»  L€g,^  1831,  t.  vj.,  p.  199 ;  Ann,  de  Chem, 
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CHILDREN'S  FARINACEOUS  POODS. 

§  91.  There  are  a  great  variety  of  farinaceous  foods  in  com- 
merce, most  of  them  entirely  unsuited  to  be  the  food  of  young 

TABLE  Xn.— INFANTS'  FARINACEOUS  FOODS. 


Salts. 

Fat 

Albnm- 
inoida. 

Oarbo-hydratas. 

I.  Biflcnit  foods,  made  from  baked 

Soluble     Insohible 

wheat  flour   and   condensed 

in  Cold      in  Cold 

milk : — 

Water.       Water. 

Nesties', 

217 

367 

9*86 

4116      37  86 

»i           •        •        .        •        • 

1-86 

4-75 

10-96 

76-08 

>»           •        .        •        .        • 

1-70 

•  •  • 

9-50 

78-72 

Gerber  &  Co.,  in  Thun, 

146 

4-75 

13-69 

76-72 

Anglo-Swiss,       .... 

1-74 

602 

1033 

43-51       33-66 

If               •        •        .        • 

1-46 

6-44 

8-84 

48-5        27-95 

Giffey,  Scheele  &  Co.,  in  Rohr- 

bach,     ..... 

1-78 

4-34 

12-86 

47-68      29-94 

Faust  and  SchunsterinGottingen, 

1-76 

6  83 

10-71 

48-62      27-59 

i»                   »» 

1-86 

475 

1096 

39-12      34-70 

II.  Other  varieties  of  condensed 

infants'  foods : — 

Gerber's  lacto-leguminose,  . 

2to3 
(0-4  to 
•06  of 
SOa) 

6to6 

18to20 

70    to     66 

liebig's  children's  soup, 

1-71 

082 

841 

48-61 

,,       lacto-leguminose,  . 

3-01 

1-34 

2047 

16-26      49-41 

French's  children's  flour,    . 

2-00 

(according  to  the  German  patent 

(•69 

4-26 

16  80 

7109 

made  of  sugar  mixed  with  wheat 

PO.) 

flour.) 

Ridge's  food,       .        .        .        . 

113 

1-96 

9-66 

8-12      76-47 

(a  mixture  of  various  flours.) 

Dr.  Coffin's  food,  N.Y.,      . 

3*02 

1-69 

1716 

36-12      3482 

(made  chiefly  from  leguminose 

flours.)                                         1 

N 
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infants.  A  child  &t  the  breut  ie  more  of  &  oamiTaroiu  than  an 
omnlvoroas  animal ;  and  will  digest  all  IdndB  of  meat-broth, 
meat  itself,  and  albuminoos  fluids  with  comporatiTe  ease ;  but  if, 
instead  of  the  natural  milk  of  the  mother,  a  large  amount  of 
starchy  and  aacoharine  food  is  girea,  so  little  maj  be  digeated 
that  the  infant  is  starred. 

Some  of  the  ferinaoeons  foods,  like,  for  example,  "  Poison's 
Patent  Flonr,"  consisting  of  the  flour  of  TIll^1'■n  com,  are  made 
entirely  from  one  ingredient ;  the  majority  are,  however,  mix- 
tures of  starchy,  saccharine,  and  albuminous  powders. 

A  few  examples  of  these  foods  are  given  in  the  preceding 
Table  (XII.) 


OATS,  OATMEAL. 

§  92.  Of  the  various  species  of  oat  the  Avena  lativa  and  Avma 
ortenUUis  are  the  two  chief  species  now  cultivated  ;  but  the 
varieties  of  these  two  species,  according  to  soil,  method  of  culti- 
vation, &c.,  are  very  great. 

b 

Fig.  21  is  *  section  of  the  OAt,  x  190  :  a  is  the  outer  layer  correaponding 
to  the  bran  of  wheat ;  b,  the  cells  of  the  inner  covering  of  the  aeed  ;  c,  the 
platen  celli  ;  d,  atarch-holding  cella.  The  starch  grauulea  at  B  are  multi- 
plied hy  350. 

As  met  with  in  commerce,  oats  consist  of  the  seeds  enclosed 
in  their  paleee  or  husk.  The  mean  composition  of  the  ground 
oats,  or  oatmeal,  is  as  follows  : — 

Water, 12-92 

NitTogenoDa  matter,  1 1 73 

Fat, 6-0* 

Sugar, 2-22 

Deitrine  and  gum 2iM 

Stanih, 61-17 

Fibi«, 10-83 

Ash, 3«B 
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The  nitrogenous  substance  is  composed  of  gliadin  and  plant- 
caseine.  The  '< gliadin''  (according  to  H.  Eitthausen  and  U. 
Kreusler)  has  a  much  higher  percentage  of  sulphur  than  the 
gliadin  of  wheat;  the  sulphur  being  1'66  per  cent,  of  the  sub- 
stance, while  wheat  gliadin  has  *85  i>er  cent,  of  sulphur.  The 
plant-caseine  has  the  composition  of  legumin,  but  the  properties 
of  gluten-caseine.  Yon  Bibra  also  states  that  oatmeal  has  1  *24 
to  1  *52  per  cent,  of  albumen.  The  oat  possesses  a  greater  pro- 
portion of  fat  than  other  cereals.  The  composition  of  the  fat  is 
as  follows  [Konig] : — 

Per  oent 

Glycerine, 2*8 

Oleic  add^ 60*5 

Stearic  and  palmitic  acids,      .        .        .        36 '7 

Hence  it  follows  that  there  is  some  free  fatty  acid.*    The  com- 
position of  the  ash  of  oats  is  as  follows  : — 

Percent. 

Potaah, 17-00 

Soda, 2-24 

lime, 3-73 

Magnesia, 7'06 

Ferric  oxide, '67 

Phosphoric  acid, 23  03 

Sulphuric  acid, 1*36 

Silica, 44-33 

Chlorine, '58 

The  richness  of  oats  in  oily  matters  and  in  protein  compounds 
is  an  explanation  of  its  great  nutritive  powers. 

Adulteration. — The  chief  adulteration  of  oatmeal  is  with  barley- 
meal,  and  more  than  one  conviction  has  taken  place  in  this 
country  for  quantities  of  from  about  15  per  cent.  The  method 
of  detecting  and  estimating  this  adulteration  is  wholly  by  micro- 
scopical means,  and  is  detailed  at  page  139.  The  defence  which  is 
to  be  expected  in  prosecutions  for  adulterated  oatmeal  is,  that 
the  barley  has  become  mixed  with  the  oats  in  an  accidental 
manner.  As  a  fact,  genuine  samples  of  oatmeal  frequently  con- 
tain some  barley  starch,  so  that  it  is  only  a  question  of  quantity. 
Should,  however,  the  barley  starch  show  anything  like  2  or  3  per 
cent.,  such  percentages  have  not  been  yet  known  to  occur  save 
as  wilful  or  fraudulent  admixture  in  oatmeal,  and  the  analyst 
should  not  have  the  slightest  hesitation  in  certifying  and  letting 
the  case  be  tried  upon  its  merits. 

*  There  is  some  free  acid,  if  the  amoont  of  elycerine  is  oorreot ;  but  the 
saponification  was  by  lead  oxide,  which  gives  a  Tower  peroentage  of  glyoerine 
than  when  potash  is  used. 
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§  93.  There  areBeve>«l  speciea  of  barley  under  ciUtiT&ti<m  In  this 
countiy,  all  of  which  may,  however,  be  considered  as  varietiea  of 

the  following  Bpeciea 

g  of  hordenm  :  —  ff. 

A  ^-_^^  haoasfitAon,    H.    wU- 

^^T^^^  ^re,     I/,     zeoerilon, 

\  ^    ^P^  ^**^  and  S.  dwtichon.    It 

;  T  ^^/  '^  S  ^-^  is  iiaed  as  a  food  in 
the  foi-m  of  "  barley- 
meal,"  the  grain  be- 
ing gi'ound  whole, 
and  as  pearl  barley, 
the  latter  being  the 
grain  deprived  of  ita 
coverings  and  round- 
ad  by  attrition. 
Barley-meal  in  the 
time  of  Charles  I. 
almost  entirely  took 
the  place  of  wheat 
as  the  food  of  the  common  people,  especially  in  the  north  of 
England.    The  composition  of  barley  meal  is  as  follows : — 


Fi|^  22  i«  a  Mctioii  of  barley,  x  190 :  a  i«  the 
li^^  of  ^<^  fbrniiiia  the  outer  cost  of  the  seed  ; 
b,  the  inner ;  c,  the  cmteii  celle,  and  d  the  stArnh- 
holding  oelU.    B,  barley  itaroh,  x  360. 


Water, 15-06 

HitToraunuenb([tanDes(albtmia),  lO  to  l'7per  dent),  .  ll'TS 

Fat, 1-71 

Carbo-hydratei  (mgaT,  l-Qj  dextrine,  1-7) 70-90 

Woodyfibre, -11 

Aih, -47 

The  nitrogenous  substances  are,  it  would  appear,  similar  to 
those  of  wheat,  comprising  albumen,  gliadin,  gluten-caseine, 
sluten-fibrine,  &c.  The  constituents  of  tiie  ash  of  barley  are  as 
follows  : — 

Fotuh, 20)9 

Soda, 2-53 

lime, 2-60 

Magneci*, 8-62 

Fenio  oxide, '97 

Fhoephoiio  add, 34  87 

Snlphnria  aoid, 1  '39 

Silica 27-64 

CUonne, -9S 

ilariey-meal  is  nsed  as  an  adalteraot  of  varioos  foods,  but  in 
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itself  it  is  little  tampered  with.  The  detection  of  adulterations 
is  mainly  micro80opic»d,  and  the  dimensions  and  appearanoes  of 
barley-starch  are  described  at  page  142. 

BcirUy  Bread, — Barley  bread,  though  but  little  used  in  Eng- 
land, is  eaten  in  some  parts  of  the  Continent.  The  mean  of  two 
analyses  by  Yon  Bibra  is  as  follows  : — 

Peroent 

Water, 1239 

Nitrogenons  snbetances,       .        .  6*91 

Fat, -90 

Snnr, 3*95 

Carbo-hydrates, 71*03 

Woody  fibre,        .....  5*63 


RYE. 

§  94.  The  seed  of  the  Secale  cerecUe,  in  the  form  of  rye-bread,  was 
once  a  common  article  of  diet  in  England,  and  it  is  now  used 
as  the  daily  bread  of  the  northern  European  nations.  The  mean 
composition  of  rye  flour  is  as  follows  : — 

For  cent 

Water, 14*24 

Nitrogenous  sabstances,                        .  10*97 

Fatty  matters, 1*95 

Sugar, 3*88 

Gum, 713 

Starch, 68*73 

Woody  fibre, 1*62 

Ash, 1*48 

The  nitrogenous  substances  in  rye  are  made  up  of  albmnen, 
mucedin,  and  gluten-caseine,  but  gluten-flbrine  and  gliadin  do 
not  appear  to  be  present.  The  fat  extracted  firom  the  rye  has, 
according  to  Kbnig,  the  following  composition  : — 

Percent. 

Glycerine, 1*30 

Oleic  acid 91*60 

Palmitic  and  stearic  acids,  8*10 

It,  therefore,  consists  only  in  part  of  glycerides,  some  of  the 
acids  being  in  the  free  state.*  The  gum,  according  to  M.  H. 
Ritthausen,  is  soluble  in  alcohol,  and  has  the  ordinary  composi- 
tion of  gum. 

*  The  hX  was  saponified  by  lead  oxide.  (See  the  note  on  page  175,  and  the 
observations  in  th«  artide  on  *'  Olive  OiL**) 
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The  ash  of  the  rye-flour  has,  aocording  to  V.  Bibm,  the  follow- 
ing oomposltion ; — 

Potash 33'44 

Soda. 175 

lime 1-02 

Magaesia,     ......  7*99 

Ferric  oxide, 2-64 

Fhoaphuric  aoid 48*29 

Sulphorio  odd, 

Chlorine,      ...... 

The    composition,    of  fresh    rye-bread,   according   to  twenty- 
collected  by  Konig,  is  aa 


(5-49 

48 '57 

44-02 

3 '49 

9-22 

6-02 

010 

-83 

1-23 

4-65 

2-54 

S2  82 

6113 

43-33 

Water, 
Hitrogenon 
Vt,       . 
Bnnr,   . 
Cubo-hydi 
Fibre,    , 


None  of  the  cereals  are  eo  liable  to  become  ergotised  aa  rye. 
[See  vol.  ii.,  article  oa  "  Ergot."]  Roasted  rye  haa  been  used  to 
adulterate  coffee,  chicory,  and  other  substances.  It  furnishes,  by 
appropriate  treatment,  a  good  matt  for  the  distillation  of  spirits, 
ai^ia  used  la  the  manufacture  of  Hollands. 


RICE. 

$  95.  Rice  is  obtained  from  the  Ofyza  saliva,  and  the  term  is 
popularly  applied  only  to  the  seed  denuded  of  hnsk  and  inner 
onticle,  the  composition  of  whieh  is  as  follows : — 

Water, 1441 

NitroMuons  Bnb«tuic& 6'94 

Pat, -51 

Starch, 77-61 

Woody  fibre, -08 

Ash, ■45 

The  oil  which  is  obtained  from  the  rice  embryo  has  a  density 
of  "921  at  15°,  and  at  6°  becomes  thick  and  buttery;  it  contaios 
much  oleine  and  an  albaminoas  substance.* 

*  A.  Fansi,  md  E.  Botuidi,  OneAa  CAemiea  Ilaikma,  vr.  ISMSg. 
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The  compositioii  of  the  ash  of  ri 


Pohuh, 2173 

Sod*. 5M 

Lime, 3-24 

MagDMu, 11-20 

Ferric  oxide 1-23 

Phoipborio  acid, 63-68 

Snlpharic  acid, •S2 

Silio*. 270 

Chlorine -10 

Rice  is  Baid  to  be  adulterated  from  time  to  time  witb  other 
starches,  but  it  ia  in  itself  so  cheap  that  it  is  more  likely  to  be 


holding  cells.     B.  The  itarcli  celli,  x  35a 

used  as  an  adulterant  than  tampered  with.  The  microsoopical 
examination  of  a  Bample  would  easily  detect  any  foreign  matters. 
The  size  ajid  characters  of  the  little  j^nutes  have  been 
already  described  at  page  143,  and  are  entirely  different  from 
all  the  other  starches.  A  chemical  method  of  detecting  the 
falsification  of  rice  has  been  proposed  by  1i.  Van  Bastelaer.  It 
appears  that  a  saturated  solution  of  picric  acid  does  not  cause  the 
least  precipitate  in  a  cold  watery  extract  of  rice;  but  if  maize 
starch,  leguminous  starches,  or  other  matters  be  present,  there  is 
a  more  or  less  abundant  precipitate.  The  quautities  recommended 
are  20  grms.  of  the  powderod  rice  steeped  for  an  hour  in  100 
grms.  of  water,  and  then  the  infusion  decanted ;  to  this  infusion 
the  picric-und  test  is  applied. 


I^^^l 

^^H 

^^^^^^^^ 
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MAIZE. 
§  96.  Maize,  or  Indiao  Corn  (2ea  May»),  a  native  of  tropical 
America,  is  extensively  cultivated  in  America,  Africa,  Soatbem 
Earope,  Germany,  and   other  countries.     It   ie  ordinarily  met 
■with  as  the  Indian-corn  meal  of  the  shops.  And  forms  the  iMsiB  of 
many  "infants'  foods;"  its  use  appears  to  bo  on  the  increase. 
According  to  a   recent   analyais  of  A.    Eiche,   maize   has  thi: 
fallowing  composition  : — 

Dextrine  and  sugar 

1-50 

' .              - 

100-00 
According  to  KSnig,  the  &ttj  matter  of  the  maize  contains 
6-46  percent,  of  glycerine,  79'87  percent,  of  oleic  acid,  and  1614 
per  cent  of  stearic  and  palmitic  acid.     The  mean  composition  of 
the  ash  &om  nine  analyses  of  maize  is  as  follows : — 

Pmsat. 

Potwh, 21-73 

Soda, 6-50 

lime, S-SO 

Magpesia, 11-20 

Ferric  oxide 1-23 

PhoBphoria  acid, 63-6S 

Snlphorio  acid, -62 

Silica, 2-74 

Cblorine, 10 

lOO-OO 


Fig.  24  represeoti  a  Motion  of  the  seed    x  190    and  B.  the  sUrch,  x  S.'iO. 
s  is  the  outer  Itnik    h    the  mner    c  is  tha  glnteu  "^n^ ;  d,  the  starch- 
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An  aqueous  decoction  of  maize  gives  with  a  little  iodine  a 
peculiar  reddish-purple  colour.  On  placing  the  iodised  decoction 
in  the  dark,  after  some  eight  to  twelve  hours  the  precipitate 
becomes  dii'ty  white,  and  the  supernatant  fluid  milky;  if  an 
excess  of  iodine  is  added  the  precipitate  is  then  red,  but  it  also 
becomes  decolourised  in  the  dark.  Maize  is  said  to  be  occasionally 
adulterated  with  potato  starches,  &c.;  these  a  microscopical 
examination  will  at  once  detect.  M.  Genin  has  given  certain 
chemical  reactions,  based  upon  the  different  hues  which  mixtures 
of  maize  and  potato  starch  assume  when  treated  with  iodine,  and 
also  si  process  based  on  the  volume  which  a  precipitate  obtained 
by  lead  acetate  in  an  alkaline  extract  occupies  in  pure  and 
adulterated  samples.  These  proeessaa  a^ e«  however,  far  too  loose 
to  be  of  any  service. 


MILLET. 

§  97.  The  millet  seeds  are  derived  from  two  species  of  panieum, 
Panicum  miliaoeum  and  Fcmicum  itcUicuni,  It  is  extensively  used 
among  the  Chinese  and  Eastern  races  as  an  article  of  diet,  and  its 
nutritive  power  is  about  equal  to  that  of  rice.*  The  average 
composition  of  millet  deprived  of  its  coverings,  according  to  six 
analyses,  is  as  follows  (Konig) : — 

Per  cant 

Water, 11-26 

Nitrogenous  substanoe, 11*29 

Fat, 3-56 

Sugar, 1-18 

Dextrine  and  gum,     ......  6*06 

Starch, 6009 

CeUuloae, 425 

Aah, 2-31 

The  composition  of  the  ash  of  the  millet  deprived  of  husk  is  as 

follows : — 

Pwoeot. 

Potash 18*36 

Soda, 3*82 

XjIIuO,  .  .  .  .  .  .  ... 

Magnesia, 21*44 

Ferric  oxide, 1  *82 

Phoflphoric  acid, 44*21 

Sulphuric  acid, 2*02 

Silica, 8*83 

*  In  the  author's  "Dictionary  of  Hygi^e"  will  be  found  a  remarkable 
experiment  on  the  nutritive  qualities  of  millet. 
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POTATO 

§ 

9a  The   chemical  composition 

of  the 

uncooked  potato  is, 

•ooording  to  the  analysis  of  some  ^ir 

averafce 

tubers,  as  foil 

W8:- 

1-20 

Aaparapn, 

■30 

Inaoluble  matter. 

■15 
■40 

■S2 

100-00 

A  summary  of  seventy  analyseB,  determining  the  ])rincipal 
constituents  of  the  potato,  is  given  by  Kiinig  as  follows: —        t 

W»ter. 

Mitrogenoiu  sabstancea. 

Fatty  matters. 

Starch, 

Woody  fibre, 

Ash,     .... 


■27 


It  ia  thus  seen  that,  according  to  all  analyses,  some  95  per 
cent  of  the  potato  is  water  and  starch.  The  nitrogen  of  the 
potato,  which,  according  to  the  old  method  of  analysis,  would  be 
reckoned  into  albumen,  or,  at  all  events,  into  protein  substance, 
is  derived  from  albumen,  asparagin,  solanin,  and  amido  acids.  Tt 
has  been  calculated  that  about  56  per  cent,  of  the  total  nitrogen 
ia  derived  from  asparagin  and  amido  acids — a  &ct  which  must 
be  remembered  in  diet  calculations. 

Besides  the  constituents  enumerated,  there  are  cei^tain 
ot^anlc  acids  in  the  potato  which  may  be  extracted  in  small 
quantities  by  sulphuric  acid  and  ether.  Among  these  are  citnc 
and  succinic  acids,  and  possibly  the  presence  of  these  organic 
acids  in  part  accounts  for  the  antiscorbutic  power  possessed  by 
the  potato. 

The  composition  of  the  ash  of  the  potato,  according  to  fifty- 
three  analyses  by  E.  Wolff,  ia  as  follows  : — 


Potash,         .        . 

43^95 

73-61 

Soda,    . 

16-93 

2-62 

Lime,    .        . 

■51 

G^ 

2-57 

Magned.,,    .         . 

1-32 

13  58 

4-69 

1 1*] 


Cblorine, 

Perceatwe  of  Mh  in  anea 
■abrtauDD,  .        .        ,  2-20  S'SQ  377 

The  potato  is  very  subject  to  a  fu&guB  disease,  the  life-histoty 
of  which  has  of  late  years  been  very  folly  elucidated  by  various 
observers,  and 
more  espe^aally 
by  Worthii^toa 
O.  Smith.  The 
fungus  is  named 
botanically  Pero- 
notpora  mfeOana, 
and  the  manner 
in  which  it  grows, 
and  its  method 
of  reproduction, 
is  shown  in  the 
annexed  wood- 
cut (fig.  25). 

The  figure  re- 
presents the  very 
highly  magnified 
section  of  a  potato 
leaf,  and  the 
mycelium  of  the 
peronospora 
growing  among 
the  cells.  A,  A 
are  the  natural 
hurs  of  the 
potato  leaf;  B,B 
are  the  upper 
and  lower  layers 
of  the  healthy 
cella  Thethreads 
and  bodies  at  C, 
D,  £,  F,  and  O 
belong  entirely 
to  the  fungus. 
The  fine  thread 
at  C  is  a  direct 
continuation  of  the  spawn 


FiR.  25.       _      _ 

mycelium  living  inside^  and  at  the 


!8' 
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expense  of  the  leaf  tissue.  Emevging  into  the  air,  the  thread  is 
Been  to  hear  two  distinct  species  of  fruit — one,  D  I>,  called 
simple  spores  or  gonidia,  whUe  at  E  F  are  what  are  known  aa 
"  swarm  spores."  The  swarm  aporea,  when  moistened,  aet  free 
fifteen  or  sixteen  bodies,  known  &a  "zoo-spores,"  so  named  because 
they  are  endowed  with  spermatozoa- like  motion,  being  furnished 
with  two  lash-like  tails,  which  they  move  with  great  I'apidity. 
A  zoO'Spore,  when  it  falls  on  a  leaf,  has  a  surprising  power  of 
corroding  the  epidermis,  and  entering  into  the  tissue.  This 
action  is  probably  due  to  some  special  solvent  secreted  by  the 
zoo-spore.  When  movement  ceases,  tbe  tails  disappear,  and  a 
minute  thread  ia  protn^ded  at  one  end,  which  develops  into  a 
network  of  myeellum.  Both  of  these  methods  of  production  are 
asexual ;  but  there  is  a  third  methud  which  is  sexual,  and  the  more 
important,  because,  in  thia  case,  there  are  structures  formed 
which  resist  frost  and  a  variety  of  influences  destructive  of  the 
former  fragile  structures.  This  third  method  is  the  production 
of  oospores  by  the  oouj  unction  of  two  organs — the  one  named 
anthendium,  and  analogous  to  the  anther  of  a  flower,  and  the 
other  oogonium,  and  analogous  to  the  ovary  of  a  flower.  The 
oospores  are  dark-brown  in  colour,  reticulated,  and  covered  with 
little  warty  prominences  about  '001  inch  in  diameter.* 

AneUynt  of  Ute  Potato. — Since  the  potato  is  mainly  composed 
of  water  and  starch,  a  careful  determination  of  those  substances 
by  the  processes  aleady  enumerated  will  be  sufficient  for  most 
purposes.  For  those  in  which  great  accuracy  is  not  required,  it 
will  be  sufficient  to  take  the  specific  gravity  of  the  potato,  and 
then  refer  to  the  following  table.      This  table,  for  fairly  good 

*  The  Peraviuis  make  a  national  diih  from  frozen  potatoes,  which  they 
call  "chano."  Tbe  potatoes  are  steeped  for  a  little  while  in  water,  then 
erpoaed  for  a  few  days  to  sharp  froat,  washed,  and  rabbed.  By  thia  method 
the  p«el  beconMS  detached,  and  tbe  rbatchy  matten  are  dried  m  the  ma  or 
ia  an  otea.  The  dried  hard  tuben  are  cat  in  thin  Blicea  and  baked,  and 
eaten  with  the  addition  of  Spanish  pepper.  Ad  analysis  by  Meieel  [  Wagntr'a 
Jahrttberida  dtr  Chm%i»eh  Ttchnol,  1S81)  is  aa  follow*;— 


Water, 13-030 

SUTch, 81-844 

»"»«-««■»•"•'■       •      •     ''■'«iS£gt*3;Ji?w.w,03; 

Woodylibre,    ....      1133 

Fat, -182 

Ash, -390 

!-400  sugar, 
aolable  ash  OMutitnents,  Ai 
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potatoes,  will  give  results  of  from  within  '3  to  '5  per  cent,  of 
the  true  value;  but  with  regard  to  tubers  poor  in  starch  there 
may  be  a  much  larger  error. 


TABLE  XIIL— SHOWING  THE  PERCENTAGE  OP  STARCH  AND 
DRY  SUBSTANCE  CORRESPONDING  TO  VARIOUS  SPECIFIC 
GRAVITIES. 


Sp6Cif!o 

Dry 

Speclflo 

Dry 

gTftTity. 

flabstance. 

Starch. 

graTity. 

•ubfltanoe. 

Starch. 

1^)60 

19*7 

13*9 

1120 

28*3 

22-5 

1*081 

19*9 

14*1 

1121 

28*5 

22-7 

1*082 

201 

14-3 

1*122 

28-7 

22-9 

1*083 

20-3 

14*5 

1123 

28*9 

231 

1*084 

20*5 

14-7 

1124 

291 

23*3 

1*085 

20*7 

14*9 

1125 

29*3 

23-5 

1086 

20-9 

15*1 

1126 

29*5 

237 

1*087 

21*2 

15*4 

1127 

29*8 

240 

1*088 

21*4 

15*6 

1128 

30*0 

24*2 

1089 

21*6 

15*8 

1129 

30-2 

24-4 

1O90 

21-8 

160 

1*130 

30-4 

24-6 

1-091 

22*0 

16*2 

1131 

30*6 

24-8 

1*092 

22*2 

16*4 

1132 

30*8 

25*0 

1093 

22-4 

16*6 

1*133 

310 

25-2^ 

1094 

227 

16*9 

1134 

31*3 

25*5 

1*095 

22*9 

171 

1135 

31*5 

257 

1*096 

231 

17-3 

1136 

31*7 

25-9 

1*097 

23*3 

17*5 

1137 

31*9 

26-1 

1*098 

23-5 

17-7 

1138 

32  1 

26-3 

1*099 

23*7 

17*9 

1*139 

32*3 

26*5 

I'lOO 

24*0 

18*2 

1140 

32*5 

267 

1*101 

24*2 

18*4 

1141 

32-7 

27-0 

1102 

24-4 

18*6 

1142 

33*0 

27*2 

1103 

24*6 

18-8 

1143 

33*2 

27-4 

1104 

24-8 

190 

1*144 

33*4 

27*6 

1105 

250 

19*2 

1*145 

33*6 

27-8 

1106 

25*2 

19*4 

1146 

33*8 

28*0 

1107 

25-5 

19*7 

1*147 

34*1 

28*3 

1*108 

25*7 

19-9 

1*148 

34-3 

28*5 

1109 

25-9 

201 

1149 

34*5 

287 

1*110 

261 

20*3 

1150 

34-7 

28*9 

1*111 

26-3 

20-5 

1151 

34-9 

29  1 

1112 

26-5 

20-7 

1152 

351 

29*3 

1*113 

26-7 

20*9 

1153 

35*4 

29*6 

M14 

26-9 

21*1 

1*154 

35*6 

29  8 

1*115 

27*2 

21-4 

1*155 

35*8 

30-0 

1*116 

27*4 

21*6 

1*156 

36*0 

30*2 

11 17 

27  6 

21*8 

1157 

36-2 

30-4 

11 18 

27*8 

220 

1158 

36*4 

30-6 

1*119 

38*0 

22^ 

1*159 

36*6 

30-8 
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PEAS. 

§  99.  The  pea  U,  witboat  doubt,  the  most  important  of  all  tlie 
IflgaminooB  plants.  The  garden  pea  is  derived  from  the  Pigmn 
Mtiman,  a  native  of  the  south  of  Europe,  but  long  naturalised  in 
this  country.  The  field  pea,  grown  for  the  purpose  of  feeding 
cattle,  a  the  Pieum  arvense. 

Forty-one  analyses  collected  by  Kiinig  give  the  following 
values: — 

Water, 2212  11-01  H-31 

NitTogenons  aubatuice,        .         .  27'14  IS'56  22-B3 

Fat, 3-30  -64  1'72 

NitaKenoua  free  extractive  matter,  69-38  41-90  53-24 

Woody  tibre.        ....  lO-OO  2-22  5-45 


The  53*24  per  cent,  of  non-nitrogenotn  soluble  matter  is  com' 
posed  of  36-03  starch,  9-&1  dextrine,  and  11-70  other  substances, 
among  which  is  some  sugar.  Cholesterine  is  also  found  in  peas, 
but  there  have  been  no  researches  as  to  its  esact  quantity.  The 
most  important  principle  of  the  pea  is  "  legumin."  Its  amount 
variee  in  different  species.  Thus,  H.  Ritthausen  found  in  the 
green  field  pea,  3-95  per  cent.;  in  the  yellow,  945,  and  in  the 
grey,  7-30  per  cent.;  in  the  garden  pea,  5'40  per  cent. 

In  the  young  unripe  condition,  peas  contain  much  more  water 
.  than  the  proportions  given  above.  Thus,  Orouven  found  in 
young  unripe  peas  and  beans  the  following ;— < 

GnenPsu  QnenBeuia. 

Water, 79-74  91-34 

Carbo-hydrateB,    ....         13-03  5-99 

AlbmninoidB,       ....         6-06  2'04 

S*lt^ ]'12  -63 

The  albumen  of  peas  (which  may  be  obtfuned  by  boiling  the 
solution  after  it  has  been  freed  from  legumin)  differs  from  ordi- 
nary vegetable  albumen,  both  in  elementary  composition  and  in 
its  behaviour  to  reagents.  An  analysis  gives  the  fallowing  per- 
centages ; — 

C,  02-94;  H,  7*13;  N,  17-14;  S,  1-04. 

After  coagulation  it  dissolves  in  potash  water  to  a  clear  liquid, 
-which  is  not  the  case  with  vegetable  albumen. 

The  analysis  of  the  ash  of  peas  gives  the  following  as  the 
— i ^jjj  mean  of  twenty-nine  analyses: — 
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Uma. 

35-80 

51-41 

42-79 

•  •  • 

3-57 

-96 

2-21 

7-90 

4-99 

5-80 

13*02 

7-96 

••• 

3-83 

-86 

29-30 

44-41 

36-43 

••• 

9-46 

3-61 

••• 

3-02 

-86 

••• 

6-50 

1-54 

Potash, 
Soda,    . 
Lime,   .        • 
Magnesia,     . 
Ferric  oxide, 
Phosphoric  acid. 
Sulphuric  acid, 
Silica,  . 
Chlorine, 

Peas,  when  putrid,  undergo  some  peculiar  change  not  yet 
investigated,  resulting  in  the  formation  of  a  poison,  perhaps 
similar  to  the  cadaveric  poisons  described  in  the  second  part  of 
this  work.* 

For  the  general  analysis  of  peas,  the  water,  the  ash,  and  the 
amount  of  starchy  matters  are  estimated  by  the  processes  already 
detailed.  To  separate  the  legumin,  the  peas  must  be  powdered, 
or,  if  fresh,  mashed  into  a  paste,  and  treated  with  successive 
quantities  of  cold  water,  which  may  be  advantageously  feebly 
alkaline,  but  must  not  have  the  least  trace  of  acid.  The  legumin 
may  now  be  precipitated  by  acetic  acid,  the  precipitate  dissolved 
in  weak  potash,  again  precipitated,  and  then  dried  and  weighed. 

*  Not  yery  long  ago  a  case  of  wholesale  poisoning  from  this  cause  occurred 
in  Salford.  Many  persons  who  had  partaken  of  slightly  decomposed  peas 
exhibited  symptoms  of  irritant  poisoning.  The  peas  were  chemically 
examined,  but  contained  neither  arsenic,  copper,  lead,  or  other  metallic 
poison.  [Phar,  Joum.  (3),  294.]  The  subject  of  the  formation  of  new  and 
pKnsonous  substances  in  such  an  article  of  food  would  well  repay  investiga- 
tion. In  Germany  there  has  been  used  a  condensed  food  made  up  of 
powdered  and  dried  meat,  incorporated  with  pea-meal,  b^  strons  pressure  ; 
It  is  scarcely  necessary  to  say,  that  in  this  manner  a  food  invaluaole  for  the 
soldier  is  obtained,  and  one  that  contains  in  a  very  small  compass  all  the 
essentials  of  nourishment.    An  analysis  of  these  pea-meat  tablets  is  as 

follows : — 

Percent 

Water 1209 

Nitrogenous  matters, 31*18 

Fat 308 

Carbo-hydrates, 47*60 

Ash, 615 

A  condensed  pea  soup  is  also  prepared.    Two  analyses  of  this  condensed 

soup,  given  by  Konig,  are  as  follows : — 

1.  2. 

Water, 7-68  8*08 

Nitrogenous  matters,  .        .        .        .        16*93  15*81 

Fat, 8-98  24-41 

Carbo-hydrates, 53*44  36*78 

Woody  tibre, 1-34  1-69 

Ash, 11*73  13*23 
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Leguniia  is  almost  iDBoIuble  in  cold  or  warm  water  ;  hut  since  it 
Tii!Lf  be  extracted  so  easily  from  the  fresh  seeds,  it  is  supposed  tu 
be  in  combioAtioa  with  phosphates  of  the  ftlkalies  when  in  itn 
natural  condition.  But  it  is  easily  soluble  in  diluted  alkuline 
liquids,  and  also  readily  dissolves  in  a  solution  of  alkaline  phos< 
phfttea;  if  boiled  it  becomes  insoluble  in  alkalies.  Pure  alkaline 
solution  of  legumin  shows,  with  a  little  cupric  sulphate,  a  beauti- 
ful violet  colour.  If  impurities  are  present,  such  as  gum  or  starch, 
the  colour  ia  blue.  On  boiling  the  alkaline  solution,  the  legumin 
does  not  coHiguUte,  but,  as  in  the  boiling  of  milk,  a  scum  of  altered 
legumin  appears  on  the  snrfuce. 

§  100.  I'reeerved  Peaa. — Copper  in  P«a». — Peas  are  preserved  in 
several  ways,  sometimes  by  simply  drying,  when  they  form  the  well- 
known  dried  peas  of  the  shops.  But  the  more  modern  method  is 
tu  heat  the  peas  in  a  suitable  tin  capable  of  being  hermetically 
soakd.  The  sealing  ia  effected  while  the  tin  with  its  contents  ia 
at  a  high  temperature.  The  ratfonalo  of  the  process  ia,  that  putre- 
fyiug  germs  existing  on  the  surface  of  the  peaa  are  destroyed,  and 
fresh  putrefactive  agenciea  are  prevented  from  gaining  access  by 
the  exclusion  of  air.  Feaa  to  preserved  may,  aa  proved  by  ana- 
lysis, be  quite  as  nutritious  as  fresh  peas.  Preserved  peas  have 
often  undergone  a  preparatoi^  treatment  by  boiling  in  copper 
vessels,  the  object  of  which  ia  to  impart  a  fine  green  colour. 
M.  Ouiilenukre  uid  M.  Lecourt  have,  however,  now  patented  a 
prooesa  by  which  chlorophyll  haa  been  substituted  for  the  objec- 
tionable coppering.  The  capper  that  has  hitherto  been  found  in 
tinned  peaa  has  amounted  to  about  2  grains  to  2'6  grains  in  the 
pound  tin,  and  the  question  arises  whether  the  copper  is  injurious 
to  health  in  this  proportion  or  not.  In  the  cases  appended  to 
this  article  it  will  be  noticed  that  men  of  considerable  sdentitic 
reputation  have  expressed  strong  opinions  on  the  subjeet;  never* 
theless,  the  whole  of  the  injurious  action  of  coppered  peas  tests 
entirely  on  theory,  and  in  no  siugle  instance  (edthough  the  con- 
sumption of  coppered  peas  has  been  very  large)  has  any  really 
definite  case  been  brought  forward  of  actual  poisoning  by  peaa 
coloured  in  this  way.  It  is  perfectly  tnie  that  it  is  not  necessary 
for  symptoms  to  arise,  in  order  to  pronounce  whether  a  particular 
substance  would  be  likely  to  be  injurious  or  not;  for  example,  the 
question  would  be  answered  readily  enough  that  cyanide  of  pot- 
ash was  poisonous  if  in  a  certain  quantity,  although  people  might 
have  taken  small  doses  of  cyanide  of  potash  for  some  time  without 
any  apparent  injury.  But  here  the  case  ia  different;  for  it  is  by 
no  means  certain  in  v^kU  particular  eomHnatUm  the  copper  exists, 
for  if  the  capper  should  exist  in  a  state  of  combination  with  some 
organie  matter — for  example,  the  legumin,  so  as  to  be  insoluble 
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in  the  digestive  juices,  although  the  fiict  of  such  insoluble  com- 
pound would  render  the  peas  less  nutritious,  yet  they  would  have 
no  toxic  action.  Legrif  has  found  in  the  intestine  of  a  healthy 
man  '036  to  *040  grm.  of  copper  ;*  and  Messrs.  Paul  and  Kingzett 
have  shown  that,  even  when  a  soluble  compound,  like  sulphate  of 
copper,  is  ingested,  most  of  it  is  excreted  by  the  faeces. 

The  author,  therefore,  concludes  that  it  would  be  best,  in  our 
present  state  of  knowledge,  to  decline  to  state  whether  copper, 
when  it  exists  in  the  moderate  proportions  given  above,t  would  be 
likely  to  injure  health,  since  there  are  no  definite  facts  upon  which 
to  base  a  sufficient  opinion.  On  the  other  hand,  since  coppered  peas 
must  either,  (1.)  have  a  toxic  action,  if  the  copper  is  in  a  soluble 
form,  or,  (2. )  if  the  copper  is  insoluble,  the  pea  must  be  deprived 
of  some  of  its  nutritious  properties,  the  analyst  need  have 
no  hesitation  in  certifying  that  peas  made  green  with  copper  are 
adulterated  under  the  Sale  of  Food  and  Drugs  Act. 

The  method  of  detecting  copper  in  peas  is  as  follows: — A 
weighed  quantity  of  the  peas  is  made  into  a  paste  with  water  and 
a  little  hydric  chloride,  and  the  paste  is  pla<>dd  in  a  proper  plati- 
num dish ;  a  rod  of  zinc,  on  beiug  inserted  in  the  paste,  so  as  to 
touch  the  platinum  dish,  sets  up  a  galvanic  current,  and  at  the 
end  of  several  hours  all  the  copper  is  deposited  as  a  coherent  film, 
and  may  be  dried  and  weighed.  A  neater  process  is  the  connec- 
tion of  the  platinum  dish  with  the  negative  pole  of  a  battery, 
while  the  positive  pole  is  suspended  in  the  acid  paste.  In  both 
instances  the  copper  is  deposited  as  copper. 

Tinned  peas  may  contain  traces  of  tin.  The  process  for  the 
detection  of  tin  is  as  follows  : — A  sufficient  quantity  of  the  peas 
is  incinerated  in  a  platinum  dish,  the  ash  is  heated  with  strong 
hydric  chloride,  and  evaporated  nearly  to  dryness ;  a  little  water 
is  then  added,  boiled,  and  the  solution  filtered.  This  method  of 
extraction  is  repeated  once  or  twice.  The  solution  is  now  satu- 
rated with  hydric  sulphide,  and  any  yellow  precipitate  filtered  ofi*. 
This  should  present  the  characters  of  sulphide  of  tin.  Tin  has 
been  found,  according  to  Mr.  Hehner,^  generally  in  tinned  goods 
to  the  amount  of  10  mgrms.  in  the  English  pound,  and  it  has 
been  supposed,  without  adequate  proof,  to  exist  as  a  stannous 
hydrate,  a  tin  compound  which  is  poisonous. 

No  prosecution  has  hitherto  taken  place  with  regard  to  tin  in 
preserved  goods ;  and  in  such  small  quantities  as  have  hitherto 
been  found,  it  is  very  questionable — presuming  the  tin  to  exist 
as  stannous  hydrate — whether  any  injury  would  result. 

A  few  of  the  more  important  prosecutions  for  coppered  peas 
may,  in  conclusion,  be  quoted  : — 

*  Sonnenflcheiii.        t  Analytic  1877,  p.  98.        t  Analytlt^  1880,  218. 
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In  one  of  several  similar  cases  heard  at  the  Marlborough  Street  Police 
CoDrt,  it  was  proved  by  Mr.  PieMe,  tbe  anal^'st,  tbat  the  puuodtin  contaUled 
"OSS  of  copper,  equal  to  2t  grains  of  sulphate  of  copper. 

Dr.  CuDway  Evans,  Medical  Officer  of  Health,  stated  his  opinion,  that  the 
larger  qoantitv  of  copper  spoken  of  in  a  pound  of  peas,  if  eaten  daily  or  re- 
]«atedly,  would  be  injarious  to  health,  and  would  jiroduce  chronic  poiaoniug; 
but  many  persons  might  eat  a  quantity  of  these  [leas  several  times  without 
u]>i>arently  auflerins  ony  iqjurious  effects,  the  period  varying  in  accordance 
with  difference  of  vigour,  age,  health,  &c.  Two  or  three  dosea  might  affect 
some  perMUB  and  not  other*.  Prom  14  to  IB  grains  of  copper  were  aome- 
tiuies  given  as  an  emetic  ;  and  Bometimea.  in  aguo  or  chronic  diarrha.-B.  i  to 
3  grains  were  given  as  a  tonic.  It  was  a  well^nown  medical  &ct,  that  in 
regard  to  sonic  poisons  (such,  for  instance,  aa  niercury)  certsiu  [)erBons  were 
peculiarly  ausceptible  to  their  influence  ;  and  it  was  poaaible  that  these  [was 
cautainiug  copper,  if  swallowed  by  persons  ignorant  of  their  own  suscepti- 
bilities, might  (even  in  a  single  dose,  or  a  few  doses)  lead  to  injurious  ccnse- 
qudncQs.  He  believed  copper  to  be  more  fatal,  in  n  smaller  dose,  than  salts 
of  lead.  The  heightening  of  the  colours  of  preeerves  with  copper  was  once 
a  common  practice^  Cases  of  poisoning  by  copper  were  formerly  very 
common,  but  copper  ntensils  in  coohing  having  given  place  to  tin  ami  iron 
saiicepans,  such  cases  H-ore  of  rare  ocourrenco.  Pure  metollio  copper  he 
believed  to  be  barmlesa,  but  it  Was  dangerous  when  in  contact  with  other 
HibtUnce^  and  when  dissolved. 

Dr.  Guy,  F.R.S.,  said  that  cases  of  poisoning  by  copper  had  occarred  in 
which  the  quantity  swallowed  mast  have  been  smalL  He  had  studied  the 
qnetUon  of  poisons  particularly  ;  the  fact  of  a  trace  of  copper  in  the  human 
body  would  not  prove  its  existence  in  a  poisonous  form.     He  had  made 

E dries  for  Government  into  the  effects  of  poisoning  in  certain  trades  ; 
y  followed  the  poisoning  by  copper.  Two  cases  oad  como  under  his 
irledge  of  poisoning  by  the  green  wsU-paper  in  a  room ;  the  poisoning  in 
his  opinion  came  from  the  copper,  not  the  arsenic.  Salts  of  copper  be  con- 
sidered more  poisonous  than  lead ;  the  small  qnantity  of  copper  contained 
in  the  peas  in  question  from  France  might  prove  injurious,   and  slowly 


nndermine  health.  On  a  nervous  person  copper  was  more  likely  to  produce 
dsmgerous  symptoms  than  on  any  one  else.  With  regard  to  the  presence  of 
34  of  copper,  if  taken  one-third  at  a  time,  it  would  not  affect  a  healthy 


;  but  if  repeated  in  small  doses  it  wonld,  in  his  opinion,  be  nlttmalely 
injnnous  to  health.  He  considered  that  any  article  containing  the  amount 
of  oopper  dated  by  Mr.  Piewe  ahonld  not  be  allowed  to  be  sold  for  one 
moment.    Sniphata  of  oopper  in  its  viraleuce  ranked  foarth  in  the  class  of 

Dr.  C.  Tidy  gave  similar  evidence.  If  copper,  that  is,  sulphate  of  copper, 
were  conatantly  taken  to  the  extent  of  the  amount  of  copper  found  in  the 
French  peas,  it  wonld  be  injurious  to  health. 

Dr.  A.  Dapr£  stated  that  the  qnantity  fonnd  was  far  beyond  the  quantity 
normally  present  in  any  vegetsbla. 

Dr.  Guy  said  he  oonsiderM  the  tale  of  an  article  containing  such  a  qnantity 
of  copper  as  that  fonnd  in  the  French  peaa  ought  not  to  be  tolerated.  Small 
dosea  of  copper  were  mors  dangerous  than  urge  ones,  as  the  Utter  wonld 
cause  vomiting. 

A  previous  convictioD  against  the  defendant  for  tbe  same  offence  was 
proved,  but  the  prOBecution  stated  that  they  desired  publicity,  iwt  pnoish- 
ment,  and  a  small  fins  was  inflicted.* 
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At  the  Liverpool  Police  Court  a  firm  was  proaecated  for  selling  peaa 
containing  copper  equal  to  2t  grains  of  anlphate  to  the  pound  tin.  A 
warranty  proauced.* 

A  liverpool  nocer  was  fined  20s.  and  costs,  for  selling  peas  containing 
copper  equal  to  2-6  mins  of  the  sulphate  to  the  pound,  t 

At  Bradford  vendors  have  been  fined  for  selling  coppered  peas,  the  metal 
equalling  14  to  2  grains  to  the  pound,  t 


CHINESE  PEAS. 


§  101.  A  pea  or  bean,  much  used  in  China  in  the  form  of  cheese, 
is  the  Soia  hispidcL^  Its  composition,  according  to  G.  H.  Pellet,  is 
as  follows : — 

1.  2.  3, 

Water, 9000  10160  9740 

Nitrogenous    matters    (coagulable 

mtrogen,  6-25),       .                .        36-600  27  760  31760 

Starch,  dextrine,  and  sugar,                    3*210  3*210  3*210 

Cellulose, 11*060  11*660  11*660 

Ammonia, '290  -274  '304 

Sulphuric  acid,      ....             *066  '234  *141 

Phosphoiic  acid,    ....           1*416  1*664  1*631 

Chlorine, *036  -036  *037 

Potash, 2137  2*204  2*317 

lime, '432  316  *230 

Magnesia, '397  '316  *436 

Substances  insoluble  in  adds,        .            "062  '066  "061 

Not  estimated  mineral  substances,             *077  *104  *247 

Different  organic  matters,      .        .        16*289  26'639  24*127 

♦  Samtary  Record,  vi  336.  i  Ibid,,  vi.  361.         t  ^W-t  ▼"•  63. 

§  The  pea-cheese  is  considered,  in  China  and  Japan,  a  very  important  food. 

The  peas  {Soia  hispida)  are  soaked  in  water  for  about  24  hours,  then  strained ; 

they  are  next  ground  to  a  thin  pasto  with  some  of  the  water  which  has  been 

put  on  one  side.     The  grinding  is  efifected  by  a  miU.    The  matters  are  filtered, 

and  the  filtrate  is  concentratMl  by  heat ;  and  after  skimming  once  or  twice  is 

cooled,  the  caseine  coagulated  by  plaster,  and  a  salt,  whicn  appears  to  be 

chloride  of  magnesium,  added.    Tne  cheese  is  grayish-whito,  aiid  has  the 

following  general  composition : — 

Pwroent. 

Water, 90-37 

Fatty  matters, 2*36 

Nitrogen, '78 

Ash, '76 

— M.  Stamslans  Julien  et  M.  Paul  Champion, 
**  IndustrkM  de  VEmj^  CMnois." 
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LENTILS. 

§  102.  The  leatil  is  the  seed  of  the  Erlmm  lens,  one  of  the 
LeguminosK.  Lentils  are  grown  and  eaten  in  all  parts  of  the 
ciTiliBed  world,  and  Are  highly  nutritioua.  They  contain,  according 
to  H.  Ritthausen,  S'S  per  cent,  of  legnmin,  and  their  general 
composition  is  as  follows : — 

Water, 12-51 

NitrogenoDs  inbstaiice^ 34 '81 

Fat. 1-85 

Carbo-hydntvB, 5478 

Woody  tibre, 358 

Aah. 2-47 

The  general  com{M>sitioii  of  the  ash  is  as  follows: — 

FotMh 34-76 

Soda, 13-50 

lime, 6-S4 

Hagnan^ 2-47 

Peniooxide, 2-00 

Pboaphoric  acid, 36-30 

CUorine, 4-63 


§  103.  The  beans  eaten  in  this  country  are  mostly  the  kidney 
bean,  Phataaliu  vuigare,  and  the  broad  bean,  Fieui  faia.  The 
following  is  the  average  composition  of  these  v^^etables : — 

Broad  bauL  Eldns*  beuL 

Water, 1434  13-60 

Nitrogeooos  nbitancea,  .  2366  2312 

Pat, 1-63  228 

Carbo-hydratea,        ....  4925  S3'63 

Woody  fibre, 7  47  3-84 

A(h 315  3-53 

The  pertwntagB  composition  of  the  ash  of  these  different  beans 
has  the  following  composition: — 

Broad  bsuL  Eldnflrbeui. 

Potaih, 42-49  44-01 

Soda 1-34  1-40 

Ume, 4-73  6-38 

Hagnetia, 7-OS  741 

Penic  oiide, -57  -32 

Phosphoric  acid,      ....  38-74  35-00 

Snlpbnrio  acid,        ....  2-03  4-05 

SOwa,              -73  -07 

CUoniuv 'V-tA  ■% 


§  103.] 


BEAKS. 
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From  both  the  broad  and  the  kidney  bean  a  small  quantity  of 
cholesterine  can  be  separated.  According  to  Bitthaasen,  the 
legnmin  of  the  kidney  bean  has  a  composition  different  from 
that  of  other  legumins;  for  while  the  percentage  of  nitrogen  in 
pea  and  millet  legumin  amounts  to  16*77  per  cent.,  that  of  kidney 
bean  legumin  has  only  14*71  per  cent. 


\V 


PART    IV.-MILK,   CREAM,    BUTTER,  CHEESE. 


HISTORICAL  INTRODUCTION. 

§  104.  Before  the  birth  of  experimental  philoBophy,  the  orl^n 
mtner  tbau  the  coniposition  of  Bubataucea  was  the  sabject  of 
inquiry,  and  of  fanciful  and  more  or  less  ingpuioua  conjecture. 
Milk  to  the  ancient,  as  well  as  to  the  modern  world,  w&s  a  fluid 
of  great  virtue.  Aristotle  aflSrmed,  "Lac  est  sant/uia  eoncoctus, 
non  cOTTTiptuB,"  which  may  be  fcrauslated,  .Wilk  u  elaboraCed,  not 
deeomposeJ,  blood — an  opinion  identical  with  that  held  by  nine- 
teenth-century [ihilosojiliera. 

Averroes,  Avicenna,  and  others,  reasoning  in  part  from  the 
difficalty  with  which  many  females  conceive  while  suckling,  held 
that  milk  was  altered  menstrual  blood.  Avicenna,  indeed,  for- 
mulariaed  this  doctrine  by  declaring  that  the  menstrual  blood  of 
the  pregnant  was  divided  into  three  parts — part  going  to  nourish 
the  ftstiu,  part  ascending  to  the  breasts,  and  the  remainder  be- 
ing au  excrementitious  product.  These  opinions  may  be  traced 
to  writera  of  a  much  later,  almost  modem  epoch.  The  ancients 
irere  acquainted  with  only  three  constituents  of  milk — viz., 
butter,  with  which  they  used  to  anoint  their  infants ;  caseine, 
which  they  precipitated  with  vinegar;  and  the  whey  from  which 
the  curd  and  butter  had  separated,  and  this,  up  to  the  early  part 
of  the  sixteenth  century,  constituted  the  whole  of  what  was 
known  as  the  composition  of  milk.  Placitus  enumerates  no  more 
oonstituents  than  Avicenna,  but  devotes  several  pages  to  the  then 
all-important  question  as  to  whether  milk  was  hot,  cold,  or  moist, 
and  concludes  that  animal  milk,  as  compared  with  that  of  human, 
is  cold,  human  with  that  of  animal,  hot.  Placitus*  was  an  up- 
holder of  the  menstrual  theory.  Panthaleon't  similarly  cites  with 
approval  the  dictum  that  mili  is  afiiud  euperfiuity,  twice  concocted 
in  the  breaslt,  and  gravely  discourses,  as  stated,  whether  it  is  hot 

*  Sezti  PUciti  Fapyrienmt :  De  Ifalara  el  Um  LaOu,  udxxxviii.  It 
wonld  appesT,  according  to  this  aatbor,  that  the  Gannaiis  in  hia  tims  lued 
the  milk  of  all  ammali,  for  he  enomecatei  the  milk  not  only  of  oows,  marea, 
■nd  goats,  but  also  of  piga 
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or  cold.*  He  recognises  three  parts  only  in, milk — viz.,  serum, 
butter,  and  curd.  His  treatise  is  mainly  composed  of  references 
to  the  ancients,  and  the  usual  disputations  as  to  whether  milk  is 
hot  or  cold.  The  iirst  mention  of  a  fourth  constituent  of  milk 
ooours  in  a  curious  work  by  Bartoletus,  published  in  1619. 
Bartoletusf  called  it  the  "manna''  of  milk,  or  ^^nitrum  seri  l<ictis" 
In  his  days  sulphur,  mercury,  and  a  saline  principle,  were  con- 
sidered as  the  three  active  essences  of  all  things,  and  as  exist- 
ing in  all  things ;  hence,  Bartoletus,  from  the  yellow  colour  of 
butter  referred  it  to  a  sulphur  principle,  the  whey,  doubtless  frt>m 
its  mobility,  to  quicksilver,  and  the  curd  to  a  saline  element.  He 
then  compares  milk  with  blood,  also  composed  of  a  sulphurated, 
saline,  and  mercurial  principle.}  The  discovery  of  Bartoletus  for 
a  long  time  was  not  known  beyond  Italy.  A  French  apothecary, 
named  Bartholomew  Martin,  writing  in  1706,§  enumerates  the  con- 
stituents of  milk  as  three — ^butter,  analogous  to  sulphur,  serum  to 
mercury,  and  cheese  to  salt ;  but  was  not  acquainted  with  milk- 
sugar,  although  eight  years  before  Ludovico  Te8ti||  had  written 
an  entire  treatise  on  it,  calling  it  by  the  name  it  now  bears. 

In  the  early  part  of  the  eighteenth  century,  Leeuwenhoek 
discovered  the  microscopical  characters  of  milk.  He  saw  that 
it  was  a  fluid  containing  many  globules.  Some,  which  he 
judged  to  be  of  a  buttery  nature,  rose  to  the  top  of  the  liquid ; 
and  others,  again,  rather  sank  to  the  bottom,  and  were  evidently 
different  in  composition.^  Some  twenty  years  later,  A.  Donne, 
in  his  Ccnirs  Microscopigve**  published  some  beautiful  plates  of 
several  kinds  of  milk,  fresh  and  sour,  human  and  animal,  exhibit- 
ing the  globules,  &c.,  drawn  to  scale  with  wonderful  accuracy. 

$  105.  In  the  early  part  of  the  eighteenth  century  flourished 
the  school  of  the  illustrious  master  Boerhave,   who  laid  the 

*  There  are  several  other  treatises  on  milk  about  this  epoch,  but  they 
nearly  all,  as,  for  example,  that  of  Gesner  [Libellua  de  LacU  et  OperUnta 
LaetariuSf  anth.  Conrado  Gesnero,  Medico),  consist  of  commentaries  on  the 
opinions  of  older  writers,  and  are  of  no  value. 

t  Bartoletns  was  an  Italian  physician,  a  professor  at  Bologna  and  Mantua, 
B.  1586,  D.  1630.  His  work  is  entitled,  Encyclopcedia  ffermetieo-DogmcUica 
tive  Orbia  Doctrinarum,  PhyaiologkcBf  Semiotiea,  et  TherapeviictB,  Bononia, 
1619,  4to.  The  qnarto  is  little  over  300  pages,  and  is  divided  into  ^y^  parts, 
viz.,  (1.)  Physiology,  (2.)  Hygiene,  (3.)  Pathology,  (4.)  Semiotics,  and  (5.) 
Therapeutics. 

X"  Emm  in  lacte  videre  est^  in  quo  serosa  portio  mereuriali  Uquori,  butyro9a 
sulphurecB,  caseoaa  vero  saline  substanticB  respondet,  Ita  in  sanguine  alia  «ttl- 
phure4Z,  aiia  saline^  aUa  mercuriake  substantia  proporHanaliter  respondet,** 

§  Traiii  du  LaU,  par  Earth.  Martin,  Apothicaire,  Paris,  1706. 

H  ReUmone  eoncemenle  U  Zucchero  di  LaUe^  1698. 

%  LeUers^  tome  ii,  4to  edition,  1722. 

0(mn de Miaromioj^,  %Y0.  Paris,  1844;  .itfos,  in MKk  F«sna,  V^M^. 
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foundatioDH  of  aaimal  chemistry.  Boerhave  saw  in  milk  the 
most  [lerfect  food,  and  to  him  it  waa  a  fluid  containing,  wrapt  up 
in  mystery,  all  the  elements  of  the  body.  Hence  he  laid  the 
greatest  stress  on  the  importance  of  its  study,  and  witiiout  doubt 
bis  example  and  t«aching  were  tiie  immediate  cause  of  tlie 
Qumerous  experiments  carried  out  by  hia  disciples,  Yullyanoz, 
Doorschodt,  and  otfaera.     Boerliave  says* — 

"  An  animal  ib  composed  of  matter  -which  wu  nnt  that  animsl  before,  but 
ta  changed  into  it  by  the  vital  power  of  the  uiimal  ....  Milk,  therefore, 
>p[>eara  to  be  the  lirat  thiiig  to  be  examined,  for  thia  la  a  true  chyle,  and 
luuch  leaa  diluted  with  the  lymph  than  the  cbylo  when  poured  into  the 
BubclavisD   vein,  and  therefore  ■pproachcB  nearer  to  the  aUmeDt.     It  hi 


Hoired  through  the  veins,  the  heart,  the  Iuu^b,  and  the  arteries,  and  there- 
,  fore  hu  been  mixed  with  all  the  Juic«a,  and  being  afterwards  separated  liy 
'  the  particular  atmctura  of  the  breaata,  it  may  be  coUeeted  and  eiaTnined 


Apart.  Milk  is  a  liiinor  prepared  froni  the  aliment  chewed  id  the  mouth, 
iligestcd  in  the  stomach,  ])enected  by  the  force  and  juieei  of  the  intestines, 
anil  elaborated  by  means  of  the  meaenterv  and  its  glands  and  juiess.  and 
tbe  jnicea  of  the  thoracic  duct ;  it  hoa  imder^onc  aouie  actions  of  the  veins, 
arteries,  heart,  lun^B,  ^jiil  jnicca.  and  be;:pm  to  he  n'niiiiil.iti-.l,  vet  rimv  !"■ 
hadBi-p.Lr.,:.    .  i,.!  .li-.  ii.n    .  .1  mit  of  the  body.     Ami  tin    .'■    f  :.''.■.-.■.  ■   "ljiiII: 

Ercpur'.il  .ittiTof  the  chyle,  all   t!  ■    '  Hut 

ave  nii'i-.  ■:  V  male  aud  funialc;  fir '■  ;  .■ieiiI 

from  the  ehyia  as  well  m  men  s8  in  women,  U  Well  in  i'ir(;!ns  and  barren 
women  as  iti  mothers  and  nurses.  Whence  every  such  animal  consists,  is 
nourished,  and  lives  on  its  own  proper  milk,  and  from  this  alone  prepares  all 
the  other  parts,  both  the  soUd  and  fluid,  by  means  of  the  vital  actaona.  It  is 
uow  certaut  that  men  may  live  for  years  uuon  milk  alone,  and  perform  all 
the  actions  of  life,  and  have  all  the  solid  and  fluid  parts  of  their  bodies 
perfectly  elaborated  thereby.  Tbe  serum,  therefore,  the  blood,  the  lymph, 
tbe  tpinta,  bones,  csrtilagea,  membranes,  and  vessels,  proceed  from  milk,  and 
if  a  man  may  live  for  year*  upon  milk  alone,  milk  miut  cont^o  in  itself  the 
mattef  of  all  thepartsof  tbehamao  body." 

Boerh&ve  appears  to  have  tested  milk  with  a  great  variety  of 
reagents,  and  found  that  it  waa  curdled  by  all  acida,  whether 
nitric,  acetic^  hydrochloric,  or  sulphuric^  or  by  acid  vegetable 
juices.  He  also  distilled  milk,  and  found  that  it  gave  no  spirit 
on  diBtiUation.  "It  also  appears  not  to  contain  any  trace  of 
saline  matter,  beiof^  inodorous  and  perfectly  insipid,  and  causing 
no  pain  if  dropped  into  the  eye."  On  boiling  milk  with  alkalies, 
Boerhave  waa  the  first  to  notice  the  yellow  colour  caused 
by  the  decomposition  of  the  sugar.  He  thought  that  a  similar 
change  took  place  in  fevers,  for  he  notices  the  yellow  milk 
of  feverish  women,  and  warns  the  physician  that  he  must  not 
suppose  the  yellowness  to  be  caused  by  an  acid,  but  rather  by 
an  alkaline  tendency,  and  by  too  much  heat.     Boerhave   jmid 
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particular  attention  to  the  state  of  the  milk  in  fevers  and  in- 
fectious diseases;  "and  in  the  last  contagion  among  the  cows, 
whilst  their  meat  remained  in  the  stomach,  and  was  neither 
discharged  upwards  by  ruminating  nor  expelled  downwards,  and 
therefore  truly  putrefied  with  the  violent  degree  of  heat,  so  that 
the  stomach  was  almost  scorched  with  heat,  as  we  explained 
the  thing  .  .  .  Then  the  milk  grew  sharp,  yellow,  somewhat 
foetid,  and  thin  in  the  dug,  and  in  this  form  was  either  milked 
out  or  dropped  spontaneously."  He  also  condemned  the  use  of 
milk  from  heated  or  improperly  fed  animals,  or  those  suffering 
from  fever,  and  remarked  that  it  would  be  found  of  a  foetid 
urinous  odour,  yellow  in  colour,  thin,  of  a  saline  ungrateful 
taste,  and  acquiring,  after  a  time,  an  odour  of  rancid  cheese.* 

§  106.  Boerhave,  so  far  as  is  known,  made  no  quantitative 
determination  of  any  of  the  constituents  of  milk ;  but  a  very  early 
attempt  is  found  in  a  research  undertaken  by  Geoffiroy,  published 
in  1737.t  This  experimenter  took  12  lbs.  of  milk,  and  after 
coagulating  the  fluid,  heated  it  gently  over  the  fire,  in  order  to 
separate  the  coagulum  more  coDipletely.  The  liquid  was  now 
filtered,  and  the  serum  and  coagulum  both  weighed.  The  serum 
weighed  8  lbs.,  the  coagulum  2  lbs.  7  ozs.  The  serum  was  then 
evaporated  to  dryness,  and  left  a  residue  weighing  7  ozs.  24  grains; 
in  other  words,  it  amounted  to  5*2  per  cent.;  and  since  it  must 
have  been  mainly  composed  of  milk-sugar  and  salts,  the  determi- 
nation is  almost  as  exact  as  that  of  any  analysis  of  the  present 
day.  He  now  appears  to  have  distilled  the  residue,  and  obtained 
empyreumatic  products,  and  a  "capiU  mortuum"X  fram  which  he 
extracted  soluble  salts  by  lixiviation,  and  among  these  salts  he 
recognised  chloiide  of  sodium  by  its  cubical  crystals. 

Doorschodt§  experimented  on  milk,  possibly  under  the  im- 
mediate superintendence  of  Boerhave;  for  he  distilled  it,  and 
noticed  that  the  distillate  was  neither  acid  nor  alkaline,  conclud- 
ing, hence,  that  water  alone  was  condensed,  and  that  there  was 
no  other  volatile  principle.  He  also  boiled  the  milk  with  alkalies, 
and  details  with  great  precision  the  successive  changes  of  colour. 
He  appears  to  have  been  the  first  to  notice  that  alcohol  coagulates 

*  A  work  by  Dumonchaux,  about  the  period  of  the  Boerhave  school,  De 
Lacte  Mammarum  et  Pinguidine^  Petrus  J.  Damonchanx,  Dnaci^  1754, 
contains  nothing  new  about  the  composition  of  milk,  but  merely  cites  the 
opinions  of  others. 

t  Commercium  LUerarium  ad  Be  Mtdica  et  ScterUicB  NcUuralU  Incrementum 
InstUutium,  Ac,  1737. 

X  The  caput  mortuum  was  the  name  of  any  residue  left  after  distillation  in 
the  retort. 

§  Henricns  Doorschodt :  De  Lacte,  1737. 
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milk,  and  also  that  it  may  be  preserved  by  borax  and  other 
antiseptics. 

§  107.  M.  Vullyanoz,  another  disciple  of  Boerhave,  publbhed 
ft  tract,"  in  I75G,  on  the  essential  sa!t  of  luilfc,  which  tended 
greatly  to  spread  a  knowledge  of  the  substance  diacovered  by 
Bartol«tu3,  and  described  so  fully  by  Testi  the  Italian.  It 
irould  appear  from  his  treatise  that  sugar  of  milk  was  then  an 
article  of  commerce,  but  that  there  was  great  difficulty  in  pre- 
paring it  white  and  pure.  "  There  is  in  Switzerland  a  chemist 
named  Creuziua  who  has  composed  the  salt  admirably,  but  iin- 
Sirtunately  be  will  not  impart  his  secret  to  any  one.  This  is  the 
more  vexatious,  because  the  salt  he  is  proprietor  of  is  infinitely 
finer  than  the  others;  it  is  whiter,  sweeter,  and  dissolves  betttr 
on  the  tongue."  Tlie  method  used  in  the  time  of  YullyanoE  was 
limple  evaporation,  but  be  ooniplains  that  the  product  was  often 
"sour,"  and  was  not  the  same  as  the  Swiss  sugar.  VullyanoB 
established  the  fact  that  all  herbivorons  animals,  aa  well  as 
women,  gave  sugar  of  milk ;  be  also  investignted  the  solubility, 
and  fonud  it  iusuluble  in  hut  alcohol,  Ln  spiritj?  of  ammonia,  and 
in  very  pure  aqua  fortis,  &c.  Noticing  that  it  efierveeced  with 
nitric  acid,  he  made  experiments  which  proved  it  to  be  a  neutral 
Bait,  and  thence  drew  an  analogy  between  milk-sn^r  and  soap, 
concluding  that  the  latter  contained  an  oil  and  also  an  acid,  that 
it  could  be  fermented,  and  that  on  diBtillation  it  yielded  an  acid, 
and  was  decomposed  by  sulphuric  acid.f 

{  108.  The  next  important  paper  on  milk  in  order  of  time,  is 
that  of  Toltelenua,^  important  because  his  experiments  were 
quantitativa  He  took  42  oza.  of  cows'  milk  and  distilled  it.  Tbe 
process  was  conducted  very  careiiilly,  and  occupied  many  days, 
and,  as  may  be  expected,  was  very  troublesome,  from  tbe  irregular 
bursts  of  ebullition.  By  the  fifth  day  be  obtained  29  ozs.  of 
distillate  "Aqua  Lactie Dettillata;"  in  other  woimIs,  bia  determi- 
nation of  water  was  69  per  cent.,  much  below  the  truth.  The 
residue  in  the  retort  weighed  2  ozs.  3  drma.,  and  effervesced 
with  alkalies.  He  now  increased  the  fire,  and  obtained  an 
nnctaoufi  oU,  weighing  14  drma,  mixed  with  what  he  calls  an  oily 

'"Snrlcnleuentiel  de  Lait,"  ParM.  Vullyanoz,  Doctenren  M^decioe  a 
Lanzaame.  "  Kecneil  Pfiriodigne,  Observstions  de  M^ecine,  Chinirgie. 
Pharmacie,"  ke.     Par  M.  Vandermonde,  1T5C. 

t  Snbseqneiit  to  the  work  of  Vullyanoz  appeared  a  treatise  on  mJIk-sagar, 
" Abhandlimg vom  Milch-Znckar,"  Braniwchweig,  1772,  byG.  R.  Lichen, 
atein,   who  considered  it  an  earthy  ««lt,  and  c^ed  it  Irrra-oUoiaim  »al 
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spiritiious  matter,  acid,  acrid,  and  like  the  spirit  from  guaiaonm 
wood.  The  carbon  in  the  retort  weighed  10  drms.,  but  on  burn- 
ing to  an  ash  it  weighed  3.  The  ash,  boiled  with  water,  left  2 
drms.  insoluble.  In  other  words,  he  determined  the  ash  to  be  *89 
per  cent.,  and  the  soluble  portion  *31  per  cent.  Hence,  Yoltelenus 
most  certainly  made  a  correct  determination  of  the  amount  of 
saline  matters  in  milk,  and  was  probably  the  first  who  did  so. 
Voltelenus  next  made  a  similar  experiment  with  women's  milk, 
taking  32  ozs.,  from  which,  in  thirteen  days,  he  had  distilled 
over  31  ozs.  6  drms.  of  odourless  liquid.  Here,  unfortunately, 
his  retort  broke ;  but  he  concluded  that  human  milk  is  re- 
solved by  fire  into  much  water  and  spirit;  a  double  oil,  a 
double  salt,  fixed  and  warm  alkali  and  earth,  to  which  may  be 
added  a  ^^apiritua  aui  generis,"  He  refers  to  sugar  of  milk,  and 
affirms  that  he  has  separated  a  similar  substance  from  human 
milk.  The  same  process  was  applied  to  asses'  milk,  32  ozs.  being 
distilled  over  a  sand-bath  in  three  days.  On  the  first  day  a 
lactescent  distillate  came  over,  in  quantity  amounting  to  1  oz. 
17  drms.  1  scr. ;  on  the  second  day,  a  more  limpid  liquid,  amount- 
ing to  19  ozs.  4  drms. ;  and  on  the  third  day  there  came  over  6  ozs. 
1  drm.  1  scr.,  of  a  feebly  acid  liquid;  by  the  fourth  day  he  had 
to  increase  the  heat,  and  obtained  a  black  opaque  oil,  which 
separated  on  standing  into  three  parts — a  thick  substance,  a 
thinner,  and  what  he  calls  a  spirit.  The  carbon  in  the  retort 
was  weighed  and  then  burnt.  The  ash  weighed  3  drms.,  and  on 
lixiviation  the  insoluble  portion  weighed  2  drms.  1  scr.  He 
made  precisely  similar  experiments  on  the  milk  of  the  sheep- 
identified  salt,  determined  the  amount  of  ash,  &c.  He  thus  came 
to  the  conclusion  that  all  milk  had  the  same  constituents. 

§  109.  Schoepff,  in  a  very  learned  paper,*  containing  full  refer- 
ences to  the  works  of  his  predecessor,  was  the  first  who  noticed 
the  yellow  colour  of  the  whey — "  liquidem  colore  diluti  citri- 
num."  He  crystallised  milk-sugar,  and  determined  its  amount 
with  fair  accuracy ;  but  did  not  know  exactly  what  it  was,  for  the 
crystals  were  of  a  yellow  colour,  and  reddened  syrup  of  violets  ; 
hence  they  were  probably  contaminated  with  lactic  acid  and 
colouring-matter,  f     One  of  the  last  workers  on  the  chemistry  of 

*  Specimen  Inaugurate  Chemieo-medicum  de  Variia  LacUa  SubuU  SaWma 
aliisque  Substantius  in  ejusdem  parte  Aquosa  Contentis,  &o.  LndoviciiB 
Angnstus  Schoepff,  1784. 

t  Previous  to  Schoepff,  Beanm6  appears  to  have  made  an  accurate  deter- 
mination of  the  amount  of  salt  in  milk,  sajring  that  the  third  evaporation 
S' elded  crystals  of  sea  salt,  in  the  proi)oraon  of  7  to  8  ffrains  per  pint. 
ianm6  :  DicL  de  Chitnie,  ii.,  1778,  498.  Ronellinm  denied  that  the 
crystals  were  those  of  sea-salt,  but  considered  them  *'  salis  febrifogi  sylvii.  ** 
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milk,  prior  to  tLo  nineteenth  century,  was  Scheele,  who  diseovered 
lactic  acid,  and  established  that  phosphate  of  lime  was  always 
present  in  the  caseiae.  He  considered,  in  fact,  that  the  caaeine 
formed  with  the  lime  a  true  combinatiou,  the  proportion  between 
the  two  being  from  1  to  1-5  per  cent,  of  calcium  phosphate 
to  every  100  parts  of  dried  caaeine.*  Experiments  similar  to 
those  recorded  were  undertaken  by  Hofiman,  who  determined 
the  total  solids  of  cows'  milk  to  be  13'S  per  cent.  ;  of  asaes,  9'5  j 
goats  about  10  per  cent. ;  and  of  human,  9.  He  exhausted  th« 
total  Bolida  by  water,  and  evaporated  and  weiglied  the  soluble 
matter  thus  extracted,  but  no  acciu'ate  result  followed ;  and, 
indeed,  it  is  very  difficult  to  dissolve  out  milk-sugar  and  salts 
fully  from  the  milk  solids,  unless  they  have  been  previously 
deprived  of  their  fat.  Caspar  Neumann  repeated  and  enlarged 
the  exjieriments  of  HoSmau  ;  he  made  out  tliat  cows'  milk  con- 
tained 14  per  cent,  of  total  solids,  and  lie  also  distilled  milk  as 
well  as  bntter.  From  16  ozs.  of  fresh  butter,  distilled  in  a  retort, 
at  iirst  over  a  sand-bath,  and  afterwards  over  an  oj>en  tire,  there 
arose  1  oi.  of  liquor  of  no  cemarkable  smell  or  taste  ;  1  oz.  and 
half  a  drm.  of  a  reddish  acidulous  liquor,  which  smelt  like  burnt 
butter;  1  drm.  of  a  brownish-yellow  oil;  Sozs.  3drms.  of  ayellow 
oil ;  1  oz.  6  drms.  of  a  white,  and  5^  drms.  of  a  yellowish-brown 
oil — all  of  a  thick  butyraceous  consistence,  and  a  volatile  smell 
like  that  of  horse-radish  ;  and  1  oz.  6  drms.  of  a  thin  empyreu- 
matic  oil,  which  smelt  like  the  Oleum  philoaophontm,  that  is,  old 
olive  oU  distilled  over  fhim  bricks.  There  was  not  the  least 
mark  of  any  volatile  alkali  in  the  whole  process.  The  caput 
mortvum  weighed  3}  drms.t 


THE  COMPOSITION  OF  COWS'  MILK. 

§  no.  TJp  to  the  present  time  the  milk  of  the  mammalia  alone 
has  been  fully  analysed.  This  has  been  found  to  consist  of  water, 
a  peculiar  sugar,  albuminous  bodies,  a  small  amount  of  saline 
matter,  and  an  emulsified  fat.  The  milk  of  every  class  of  animals 
has  not,  however,  yet  been  examined  completely ;  and  although 
it  may  be  presumed,  on  physiological  grounds,  that  all  milks 
contain  quaJitatively  identical  or  analogous  ingredients  to  those 

•  De  Laett  ^atque  Adda :  Nova  Acta  Arad.  Reg.  Sued.  Anni  1780  ; 
Opaaeala  Chemiea.,  vol.  ii.,  p.  101-118. 

t "  The  Chemicd  Works  of  CMpsr  Nowmaim,"  abridgBd  aod  methodised, 
bf  Wm.  Lewis.    Lend.  1T73. 
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of  the  cowy  yet  this  has  been  hy  no  means  proved.  The  only 
milk,  indeed,  the  composition  of  which  we  may  be  said  to  know 
with  some  real  completeness  is  that  of  the  cow,  and  this  may  be 
considered  first.* 

Cows'  milk  consists  of  matters  partly  in  solution,  and  partly 
in  suspension;  sugar  of  milk,  caseine,  galactine,  lactochrome, 
saline  matters,  and  a  few  minute  quantities  of  several  other 
substances  are  dissolved  in  water,  whilst  milk-fat  is  apparently 
emulsified,  and  a  portion  of  the  caseine  is  in  the  form  of  extremely 
fine  granules,  which  can  only  be  arrested  by  filtration  through 
porous  earthenware,  or  a  similar  filtering  medium.  When  a 
very  thin  layer  of  healthy  milk  is  examined  by  a  microscope,  the 
milk-fat  alone  is  visible,  and  appears  in  the  form  of  innumerable 
globules,  the  number  of  globules  depending  on  its  richness  in  fat. 
Thus  M.  E.  Bouchut  found  in  different  samples  of  milk  the 
following  varying  numbers: — 


OlobnleB  In  a  enbio  mllllxnbtr& 

Speciflo  gmTit7. 

FfttperUtre. 

1102500 

1022 

24 

1820000 

1021 

21 

1925500 

1030 

26 

2105000 

1028 

29 

2205000 

1032 

37 

2305000 

1028 

29 

2205000 

1032 

37 

2400000 

1030 

37 

2407000 

1033 

^ 

2692000 

1030 

29 

3700000 

1030 

34 

It  would  hence  appear  that  good  milk  contains  from  about  two 
to  three  and  a  half  millions  of  globules  in  every  cubic  millimetre. 
It  has  hitherto  been  taught  that  the  globules  are  surrounded  by 
a  thin  pellicle  or  membrane,  and,  as  a  proof  of  the  existence  of 
this  membrane,  the  fact  is  usually  cited  that,  if  you  shake  up 
milk  with  ether,  scarcely  any  of  the  fat  dissolves  unless  a 
little  acetic  acid  is  first  added,  which  is  supposed  to  act  by 
dissolving  the  hypothetical  membrane ;  but  it  may  be  shown 
that  the  fat  can  be  extracted  from  milk  by  shaking  with  ether, 
provided  that  the  volume  of  ether  to  that  of  the  milk  be  excessive. 
Further,  the  globules  are  coloured  by  aniline  red,t  and  their 
behaviour  with  moderate  quantities  of  ether  may  be  ascribed  to 

*  The  chemistry  of  the  milk-secretlDg  glands  has  scarcely  been  investigated. 
Bert  {Oaz.  hebdom.,  1879,  N.  12)  states  that  the  eland  contains  a  peculiar 
body  which  easily  splits  up  with  the  production  of  a  sugar  by  boiling  with 
dUute  sulphuric  acid,  or  even  simply  with  water. 

t  De  Smely :  Archives  de  Fhynologie,  1874,  497 ;  F.  Soxhlet :  Land, 
Veriuch, 
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tbe  acids  destroying  the  emulsifying  property  of  the  milk. 
Nor  can  one  understand,  on  tlie  "membrane"  theory,  how — 
when  milk  in  thin  layers  is  dried  at  the  ordin&ry  temperature  of 
the  air,  and  under  conditions  which  involve  no  destruction  of  the 
membrane,  ahoiild  this  exist — to  account  for  tlie  &ct  that  ether 
BO  readily  dissolves  the  butter  Int.  Hoppe^yler*  has  indeed, 
by  estimation  of  the  proportion  existing  between  the  water  and 
caseine  in  cream,  considered  that  a  caseine  layer  exists  round  the 
fat  globules;  yet  this  must  be  eo  thin  as  not  to  be  capable  of 
estimation  by  weight.  From  these  various  facts  tho  existence 
of  the  membrane  is  more  than  doubtful. 

g  111.  Amphioterie  Reaction  of  Milk, — Milk  when  tested 
immediately  after  its  removal  from  tho  cow,  has  a  peculiar 
action  on  litmus  and  turmeric  paper,  turning  litmus  blue  and 
turmeric  brown, — the  so-called  "  AvijJiioteTie  Reaetion."  On  this 
point  alone,  although  of  no  great  importance,  there  is  a  most 
voluminous  literaturo.t  The  aniphioteric  reaction  of  milk  is 
similar  to  that  shown  by  a  solution  of  magncsiiim-liydric  piios- 
phate  to  which  &  little  acid  has  been  added,  and  is  probably  due 
to  the  acid  phosphate  of  the  alkalies  existing  in  milk.  It  must 
also  not  be  lost  sight  of,  that  there  is  a  continuous  development 
of  CO2  in  milk,  which  goa  in  solution  is  always  present ;  and  this 
bein^  the  case,  its  feeble  acid  reaction  must  have  an  influence 
on  the  total  reaction  derived  from  other  substances.  Milk  ulti- 
mately beoomes  decidedly  acid,  and  has  a  constant  tendency  to 
acidity. 

§  112.  Total  Soliih  of  Milk.— The  amount  of  solid  matter  in 
milk  varies  within  considerable  limits,  and  is  much  influenced 
by  all  oircumstances  that  afiect  the  health  and  nutrition  of  the 
oow,  certain  cows  secreting  double  and  treble  the  normal  amount 
of  fat.  The  remark  just  made  refers  to  the  entire  residue  mimii 
the  water ;  but  if  we  subtract  the  water  as  well  as  the  &t,  then 
the  percentage  of  solid  matter  varies  but  little,  and  in  healthy, 
fkirly>fed  cows  has  never  (save  in  some  very  rare  and  exceptional 
cases)  been  known  to  fall  below  9  per  cent.  This  very  important 
fact,  formerly  much  disputed,  has  been  (or  ought  to  have  been) 
set  at  rest  by  the  results  obtained  in  the  experiments  of  so  many 
chembts,  that  it  is  scarcely  worth  while  reviewing  the  evidence 
on  which  it  is   based.     The  numerous  analyses  of  Wanklyn, 

■  Arcluttf&TjmA.  Anatom.,  bd.  xvij..  b.  417,  1359. 

1-  TboM  who  wiih  to  be  very  fally  mfbrmed  on  this  subject  may  consult 
"  Kritisabea  a.  XbAttHcbliohea  ilber  die  Rouitioti  der  friaclieD  Milch,"  von  J. 
Sohlouberger,  AniwU.  der  Chim.  v.  Pliarm.,  b.  87,  p.  317.  IS52 ;  Jdtm..  b. 
9S,p.  7S.  Also  a  paper  by  Voael,  Joum. /tlr  PraJcl.  Chrm.,  1874,  b.  8,  p. 
IS7,  "  Ueber  das  Temalten  der  Milch  torn  Lackmns  FarbstolFe." 
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Carter  Bell,  and  others  tend  rather  to  show  that  the  true  lowest 
percentage  of  milk  solids,  mintu  fat  and  water,  is  a  little  above 
rather  than  below  9  per  cent.,  and  this  fact  is  fiillj  borne  out  by 
the  original  investigations  conducted  in  my  own  laboratory.  The 
highest  amount  of  the  same  solids  which  the  author  has  yet  found 
in  the  secretion  from  healthy  animals,  reaches  to  about  11  per  cent., 
so  that  at  most  there  is  an  extreme  fluctuation  between  9  and 
1 1  per  cent. — a  remarkable  fact,  which  d  priori  would  have  been 
pronounced  improbable,  considering  the  complex  nature  of  milk. 

§  113.  Milk- Fat. — Pure  dry  milk-&t  is  at  ordinary  tempera- 
tares  a  solid  fatty  substance,  with  an  agreeable  taste,  of  specific 
gravity  -91200  to  -91400  at  37'-7  C.  [100*  Fahr.];  its  melting  point 
is  35'' '8  C.  Milk-fat,  under  the  form  of  butter,  is  constantly 
tinted  more  or  less  yellow  from  dissolved  lactochrome;  but  it 
may,  by  the  use  of  suitable  solvents,  be  obtained  almost  colour- 
le8& 

According  to  Wigner,  1000  volumes  of  the  pure  fat  expand 
from  37--7  [100"  Fahr.]  to  1047-2  at  100°  [21 2"  Fahr.l,  its  average 
expansion  being  -0780  for  every  degree  Centigrade.  This  is, 
however,  not  perfectly  accurate  for  the  degrees  between  65®'6 
[150^  Fahr.]  and  87°-7  [190**  Fahr.],  the  expansion  being  slightly 
in  excess  of  the  average  ratej  but  the  abnormal  deviation 
between  these  degrees  does  not  appear  to  be  peculiar  to  milk- 
fat.*  1  grm.  of  fat  requires  for  saturation  227*3  mgrms.  of  potas- 
sium hydrate  (KHO).  This  observation  (originating  with  Dr. 
Koettstorfert)  has  been  utilised  by  the  food-analyst  in  the 
distinguishing  between  butter  and  other  fats. 

§  114.  Milk-fat  is  essentially  an  intimate  mixture  of  the 
glycerides  of  the  fatty  acids — palmitic,  stearic,  and  oleic — not 
soluble  in  water,  and  also  of  the  glycerides  of  certain  soluble 
volatile  fatty  acids,  of  which  butyric  is  the  chief,  and  caproic, 
caprylic,  and  capric  acids  minor  constituents. 

FcUmitin,  or  Tripalmiiin^  ^8^6(^i3-^85^)s  ^8»  ^  ^  white  solid 
fat,  but  little  soluble  in  cold,  but  readily  soluble  in  hot  alcohol 
or  ether.  A  mixture  of  stearin  and  palmitin  crystallises  in  little 
needle-like  tufts,  and  was  at  one  time  considered  a  definite  single 
fat,  and  called  rnargarine.  On  saponifying  palmitin  by  means  of 
an  alkali,  and  subsequent  decomposition,  it  yields  glycerine, 
and  95*28  per  cent,  of  its  weight  of  palmitic  acid. 

Palmitic  Acid  (CjgHgjOg)  has  a  melting  point  of  about  62°. 
It  may  be  obtained  in  quantity  from  paJm  oil,  and  also  from 

*  On  the  Batio  of  Expansion  by  Heat  of  Butter-fat,  by  G.  W.  Wigner, 
F.C.S.,  Analyst,  No.  43,  p.  183. 

t  New  Method  for  the  Examination  of  Butter  for  Foreign  Fats,  by  Dr. 
Koettstorfer,  Analyst,  No.  39, 1879,  p.  106. 
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tlie  saponification  of  spermaceti.  When  purified  by  repeated 
fi-ystallisation  from  alcohol,  it  is  %  tasteless  white  fat,  crystalliBing 
in  tufts  of  needles. 

Stearin,  or  Trutearin,  C^H^lCi^U^^OM^.  is  a  -white  solid  fat, 
melting  at  about  G6°,  and  is  a  special  constituent  of  fata  with 
high  melting  points.  Un  saponification  and  subsequent  decom- 
position of  tbe  soap  by  a  Buitablo  acid,  95*73  per  cent,  of  stearic 
acid  may  be  obtained. 

Stearic  Acid,  CigHj^O^. — Tliia  acid  is  to  be  found  in  nearly 
all  animal  fats  as  well  as  in  a  few  vegetable  fats.  Stearic 
acid  is  an  article  of  commercef  and  made  upon  a  large  scale, 
eiipecialiy  in  the  manufacture  of  stearine  candles.  For  this 
purpose,  animal  fats  are  saponified  by  hydrate  of  lime;  the 
lime  compound  is  subsequently  decomposed  by  dilute  sulphuric 
acid,  and  the  mixture  of  oleic,  palmitie,  and  stearic  acide 
submitted  to  strong  pre-saure ;  by  this  means,  the  oleic  acid  is 
separated,  and  a  mixture  of  palmitic  and  stcartc  acids  obtained, 
which  in  commerce  is  known  as  stearin.  From  this  commercial 
stearin,  stearic  acid  may  be  obtained  by  solution  Ln  alcohol  and 
fractional  precipitation  by  acetate  of  lead  or  barium,  the  stearate 
of  lead  or  barium,  as  the  case  may  be,  separating  before  the 
palmitate.  On  decomposing  the  salt  with  sulphuric  acid,  and 
dissolving  the  acid  in  boiling  alcohol,  stearic  acid  crystallines,  as 
the  solution  cools,  in  white  glistening  needles  or  leafiets,  which 
appear  under  the  microscope  as  elongated  lozenge  plates.  The 
melting  point  of  stearic  acid  is  fi9°'4.  If  impure,  it  crystallises 
in  needles.  It  is  without  odour  or  taste,  does  not  feel  greasy  to 
the  touch,  and  dissolves  in  all  proportions  in  boiling  alcohol  or 
ether,  from  which  it  separates  on  cooling. 

Olein,  or  Triolein,  C^Hj(C,,H5jOj)03.— Over  40  per  cent,  of 
milk-fat  consists  of  olem,  which  is  a  combination  of  oleic  acid 
with  glycerine,  and  is  at  ail  ordinary  temperatures  &  fluid  oil, 
solidifying  about  6°,  at  first  colourless,  but  soon  becoming  yellow 
from  absorption  of  oxygen.  It  has  the  power  of  readily  and 
copiously  dissolving  palmitin  and  stearin,  and  is  readily  soluble 
in  absolute  alcohol  or  ether.  On  decomposition,  olein  yields 
95-70  per  cent,  of  oleic  acid,  CjgHj^Oj. 

Pure  oleic  acid  is  difficult  to  obtain,  since  it  so  readily  oxidises. 
When  perfectly  pure,  it  is  without  colour,  taste,  or  smell,  and 
has  all  the  ap|>earance  of  a  colourless  oil ;  at  a  low  temperature 
(4°),  it  crystallises  in  needles ;  on  destructive  distillation,  among 
a  variety  of  gaseous  and  liquid  products,  it  yields  an  acid  known 
as  sebacio  acid  (C,gIIjaO^,  which  is  a  constant  pi-oduct  when 
any  'oil  containing  oleic  acid  is  destructively  distilled.  Oleic 
acid  forms  two  cUsses  of  salts,  normal  and  add.    The  normal 
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oleates  of  the  alkalies  are  soluble  in  water,  but  the  other  salts 
of  oleic  acid  are  insoluble  in  water,  no  exception  being  found 
even  in  the  case  of  the  acid  salts  of  the  alkalies.  The  oleates 
of  lead  and  copper  are  soluble  in  ether,  as  well  as  in  cold 
anhydrous  alcohol.  The  analyst  takes  advantage  of  this  fact, 
to  separate  the  oleates  of  lead  and  copper  from  the  stearates 
and  palmitates,  which  are  insoluble  in  ether. 

Butyrin,  Caproiny  and  Caprylin  have  not  yet  been  separated 
in  a  pure  state;  they  yield  on  saponification  butyric,  caproic, 
caprylic,  and  rutic  acids  respectively. 

Butryic  Acidy  C4H3O0. — There  are  two  butyric  acids,  one,  normal 
butyric  acid,  C3H7COOH,  boiling  point  163° 4,  specific  gravity 
•9817  at  0°  C. ;  the  other,  isobutyric  acid,  C(CH3)2H.  OOOH, 
boiling  point  154°,  specific  gravity  *8598  at  O"".  The  latter  has  a 
less  offensive  odour  than  normal  butyric  acid.  Butyric  acid  is 
found  in  several  plants,  such  as  the  locust  bean,  the  fruits  of  the 
Sapindua  aaponariay  in  the  Tamcmndus  indica,  the  Anthemia  mobUiSy 
the  Tancentum  vulgarey  Arnica  morUana,  the  fruit  of  the  Crinyko 
bilobay  and  probably  several  other  plants.  Butyric  acid  is  the 
characteristic  fatty  acid  of  butter,  and  butter  &t  contains 
nearly  7  per  cent,  of  it.  Butyric  acid  is  volatile,  and  may  be 
distilled  unchanged;  it  is  also  soluble  in  all  proportions  in 
water,  alcohol,  and  ether.  Most  of  the  salts  are  soluble  :  baric 
butyrate  crystallises  in  long  prisms  with  four  atoms  of  water; 
zincic  butyrate  in  anhydrous  pearly  tables,  which  are  remarkably 
soluble;  cupric  butyrate  is  bluish-green,  and  but  sparingly  sol- 
uble. Calcic  butyrate  is  a  very  characteristic  salt,  for  it  is  more 
soluble  in  cold  than  in  boiling  water,  consequently,  when  a  solu- 
tion is  boiled  some  of  the  salt  is  precipitated.  The  most  charac- 
teristic reacticm  of  butyric  acid  is  its  easy  etherification  by 
treatment  of  sulphuric  acid  and  alcohoL  In  this  way  is  formed 
butyric  ether,  which  has  a  powerful  smell  resembling  that  of 
pine-apples.     Its  specific  gravity  is  *902,  and  boiling  point  119°. 

Caproic  Acidy  C^HjgOo- — There  are  two  caproic  acids,  the  one, 
normal  caproic  acid,  CgHjjCOOH,  boiling  point  205° ;  the  other, 
isocaproic  acid,  C3(CH3)2H5COOH,  boiling  point  199°  to  200°. 
Caproic  acid  occurs  in  a  very  large  number  of  plants,  and  has 
been  found  in  human  perspiration  and  in  cheese.  It  is  almost 
insoluble  in  water,  is  volatile,  and  may  be  distilled  unchanged. 
The  caproate  of  silver  is  in  large  thin  plates,  almost  insoluble 
in  water,  and  but  slightly  sensitive  to  light.  The  caproate  of 
barium  is  soluble. 

Caprylic  Acid,  CgHjgOj — ^fusing  point  68°,  boiling  point  236°. 
The  amount  of  caprylic  acid  in  butter  is  very  small.  It  is  slightly 
soluble  in  boiling  water. 
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Kutic  Acid,  CjgHogO^. — A  white  cryBtalline  solid,  fusing  about 
29°-5.  This  acid,  in  combinntion  with  glycerine,  also  occurs  in 
very  niinute  quantity  in  milk-fat.  It  is  oven  less  soluble  than 
oaprylic  acicL 

§  115.  The  Albuminoidt  of  Milk.— The  alhuminoidB  of  millt 
comprise  at  lea,st  three  principles,' — viz.,  caseine,  albumen,  and 
nuclein.  To  these  a  fourth  substance  used  to  be  added— viz., 
lacto-protein ;  but  this,  as  the  author  has  shown,*  is  not  a 
simple  substance,  and  it  is  probable  that  it  is  a  mixture  of 
bodies  approaching  alkaloids  in  their  composition.  Casein e 
appears  but  little,  if  at  all,  different  from  alkali-albuminate,  the 
minor  differences  which  exist  being,  with  probability,  ascribed 
to  impurities.  It  is  true  that  when  milk  is  filtered  through  a 
porous  cell,  caseine,  for  the  most  pai-t,  is  left  behind;  while,  if 
a,  solution  of  alkali-albuminate  is  similarly  treated,  it  passes 
through.  Experiment  has,  however,  shown  that  a  solution  of 
alkali-albuminate  shaken  up  with  butter  fat  behaves  exactly 
like  caseine;  and  similarly,  Soxhlet  has  proved  that  a  concentrated 
solution  of  sodic  carbonate  precipitates  both  caseine  and  alkali- 
albuminate,  provided  they  are  under  the  same  conditions,  and 
that  it  does  not  (as  asserted  by  Zahn)  leave  alkali-albuminate  in 
Bolution.t 

Hoppe-SeylerJ  does  not  adopt  altogether  this  view ;  for  al- 
thougn  be  states  that  without  doubt  no  other  albuminoid, 
in  it«  properties,  stands  so  near  caseine  as  alkali-albuminate, 
yet  the  notable  difference  in  its  power  of  rotating  a  ray  of 
polM*iBed  light,  and  its  behaviour  to  rennet,  separates  caseine  as 
a  distinct  substance.  The  caseine  of  either  cows'  or  goats'  milk, 
not  only  in  acid  fluids,  but  in  perfectly  neutral  solutions,  is  coagU' 
lated  by  gastric  juice  or  a  watery  extract  of  the  stomach.  This 
coagulation  takes  place  slowly  at  common  temperatures,  rapidly 
on  warming;  and  the  oause  of  it,  according  to  Hammersten,  is  a 
body  distinct  from  pepsin.  Hammersten  finds  that  the  caseine 
of  cows'  milk,  in  the  absence  of  lime  salts,  is  coagulated  b}'  the 
addition  of  an  acid,  but  not  by  rennet.  A  solution  of  caseine 
which  has  been  precipitated  by  an  acid,  run  into  lime  water 
neutralised  by  very  dilute  phosphoric  acid,  quickly  coagulates 
on  the  addition  of  rennet,  but  without  rennet  neither  on  the 
addition  of  an  acid,  nor  on  boiling.  Hammersten  considers  that 
the  chemical  change  produced  in  the  coagulation  of  caseine  by 

*  Composition  of  Cowa'  Milk  in  Health  and  Disease,  Jour,  Chtm.  Soc, 
1S79. 

t  "Beitrtft*  '"'  physioloeiiehen  Cfaimie  der  Milch,"  von  Dr.  P.  Soxhlet. 
JimnnU/arpntttiteli^  Chemie,  voL  8,  p.  1,  1872. 

i  H^w-Sivlar,  Ph^OtJiogittM  Ohnik,  p.  930. 
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rennet,  is  the  splitting  up  of  the  caseine  into  two  bodies,  one  of 
which  is  precipitated,  and  an  albuminoid,  which  remains  in 
solution,  and  is  neither  precipitated  by  boiling,  nor  by  any  of 
the  following  reagents — acetic  acid,  potassic  ferrocyanide,  or 
nitric  acid ;  but  is  precipitated  by  mercuric  chloride,  and  also  by 
Millon's  reagent. 

Caseine  is  precipitated  by  a  variety  of  substances — lead 
acetate,  cuj)ric  sulphate,  alum,  mercuric  chloride,  tannic  acid, 
rennet,  sulphate  of  magnesia,  and  mineral  acids,  if  not  too  dilute ; 
but  none  of  these  precipitate  caseine  in  a  pure  state,  the  precipi- 
tate usually  containing  fat,  nudein,  and  phosphate  of  lime,  the 
latter,  as  already  stated  (p.  200),  in  the  proportion  of  from  1  to  1*5 
per  cent,  of  caseine.  The  best  precipitant  is  sulphate  of  magnesia, 
which  leaves  the  nuclein  to  a  great  extent  in  solution.  The  fat 
may  then  be  extracted  by  ether  ;  but  the  phosphate  of  lime  is  in 
true  combination  with  the  caseine,  and  only  a  portion  of  it  can 
be  removed.  A  solution  of  caseine  in  combination  with  sulphate 
of  magnesia,  and  freed  from  fat,  turns  a  ray  of  polarised  light  in 
weak  alkaline  solution,  -  87^  ;  in  very  dilute  alkaline  solution, 
-  87*^ ;  in  strong  alkaline  solution,  -  9  P.  Pure  caseine  is  a  per- 
fectly white,  brittle,  transparent  substance,  insoluble  in  water, 
but  soluble  in  very  dilute  acid  solution,  as  well  as  in  very  dilute 
alkaline  solution  ;  in  each  case  there  is  little  doubt  that  a  true 
chemical  combination  is  formed.  The  presence  of  phosphate  of 
soda  in  a  solution  of  caseine  (as,  for  example,  in  the  milk  itself), 
prevents  the  precipitation  by  simple  neutralisation  by  an  acia, 
the  caseine  not  falling  down  until  the  acidity  of  the  liquid  is 
decided.  It  has  been  shown  by  Schutzenberger  that,  on  sealing 
up  caseine  in  a  tube  and  heating  with  baryta  water,  it  behaves 
like  albumen,  and  is  resolved  into  the  following  substances : — 
The  elements  of  urea  (ammonia  and  carbon  dioxide),  traces  of 
sulphurous  acid,  of  sulphuretted  hydrogen,  of  oxalic  and 
acetic  acids,  tyrosine,  C^H^NOg,  the  amido-acids  of  the 
series  C^Hgn^jNOo,  corresponding  to  the  fatty  acids,  CnHgnOj, 
from  amido-cenanthylic  acid  to  amido-proponic  acid — leucine, 
CqH^NOj,  butalanine,  CgHij^NOj,  and  amido-butyric  acid, 
C^HqNO^,  with  a  few  less  known  or  identified  products. 
Many  of  these  substances  may  be  identified  in  putrid  milk. 

The  amount  of  caseine  in  milk  is  fairly  constant,  being  about 
3*9  per  cent. ;  and  the  author  has  never  known  it  exceed  5 
per  cent. 

Serum-albumen  occurs  in  milk,  in  no  respect  difiering  from  the 
albumen  of  the  blood.  By  careful  addition  of  an  alkali,  this 
albumen  may  be  changed  into  alkali-albuminate — that  is,  into 
caseine ;  therefore,  according  to  this  view,  the  albumen  in  milk 
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may  be  considered  the  residue  of  an  incomplete  reaction.  Albu- 
men is  not  precipitated  by  acetic,  carbonic,  phospboric,  or  tartaric 
acids.  A  small  quantity  of  a  dilute  mineral  acid  does  not  pre- 
cipitate ;  with  a  larger  quantity  of  concentrated  mineral  acid 
the  solution  becomes  troubled,  and  tbo  deviation  of  a  ray  of 
polarised  light  increased  ;  a  still  larger  quantity  of  acid  precipi- 
tates it  as  acid  albumen.  The  best  method  to  obtain  a  solution 
of  pure  albumen  is  to  precipitate  a  eolation  by  basic  acetate  of 
lead,  pass  carbon  dioxide  through  the  mixture,  sepai-ote  the 
carbonate  of  lead  by  filtration,  and,  lastly,  pass  through  it 
hydric  sulphide,  to  remove  the  trace  of  lead  still  existing. 
Albumen  is  then  in  solution,  but  with  a  little  acetic  acid,  oa 
evaporation,  it  may  be  obtained  in  the  solid  state  contaminated 
slightly  with  acetic  acid.* 

Another  method  of  obtaining  iLlbumeu  pure  is  by  dialysis.  The 
physical  characters  of  solid  albumen  diiferaccording  to  the  method 
of  separation.  Albumen  obtained  by  dialysis  is  in  the  form  of  a 
yellow  transpareDt  maaa,  specific  gravity  1'314;  but  albumen 
separated  in  the  ordinary  way  from  milk,  for  the  purpose  of  quanti- 
tative det.i'rminatinii,  is  in  yellowish  llitkes,  brittle,  nitliout  taste 
or  smell,  insoluble  in  water,  alcohol,  and  ether,  soluble  in  dilute 
caustic  alkali,  if  gently  warmed,  and  from  this  alkaline  solution 
preoipitable  by  an  acid.  The  amount  of  albumen  in  milk  is 
really  feirly  constant,  and  averages  "7  per  cent.  In  healthy  cows 
it  is  a  very  constant  quantity,  the  chief  deviation  occurring 
directly  after  calving,  when  the  amount  may  rise  as  high  as  3  per 
cent,  but  this  is  always  accompanied  by  a  corresponding  rise  in 
the  caaeine.  According  to  the  author's  experience,  the  albumen 
preserves  a  very  constant  relation  to  the  caseine,  the  quantity  of 
the  latter  being  five  times  that  of  the  albumen;  so  that  if  either 
the  amount  of  caseine  or  albumen  is  known,  the  one  may  be 
calculated  from  the  other  with  great  accuracy. 

Jfudein. — Nuclein  is  the  organic  phosphorus  compound  of 
milk,  containing,  according  to  Miescher,  9-6  per  cent,  of  phos- 
phorus. Its  formula  is  C'aeH^gNgFjOn.  It  is  by  no  means 
peculiar  to  milk,  but  has  been  found  in  the  blood,  in  pus,  in  the 
yelk  of  eggs,  in  the  liver  cells,  and  in  yeast  cells.  When  freshly 
precipitated,  it  is  a  white  amoi^hous  body,  somewhat  soluble  iu 
water ;  freely  soluble  in  ammonia,  soda  solution,  and  phosphate 
of  soda.  The  special  test  distinguishing  nuclein  from  other 
albuminoids  is  the  presence  of  phosphorus,  and  the  production 

*  Meggenhofen  iqtpesrs  to  have  been  one  of  the  first  who  detected  the 
prwcpce  of  albmnen  in  milk.  He  estimated  the  amount  in  cows'  milk  as  '69 
per  MOit  I>u»ertatio  /(unvuroUi  naf«tu  indagationem  Ladi*  Midiebru 
c^amieam.    C.  Aug.  Meggenhofen.    riuiklQA,  \%16. 
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of  no  red  colour,  either  by  Millon's  reagent,  or  hj  a  copper  salt : 
added  to  a  solution  of  nudein  alkalised  by  soda  lye,  it  forms  a 
very  definite  compound  with  lead,  the  lead  and  phosphorus  being 
in  the  proportion  of  Pb  to  P. 

The  method  adopted  by  Hoppe-Seyler*  to  separate  nuclein 
from  pus,  was  isolation  of  the  pus  cells  by  Glauber^s  salts, 
washing  with  very  dilute  hydrochloric  acid  and  much  water; 
then  extracting  the  nuclein  by  the  aid  of  a  very  weak  alkaline 
solution  of  caustic  soda,  and  filtering  (which  in  this  case  proves 
a  troublesome  operation),  and  precipitating  by  a  mineral  add. 
The  predpitate  is  again  dissolved  in  weidc  alkaline  solution, 
and  again  precipitated,  and  the  process  repeated  until  the  nuclein 
is  supposed  to  be  in  a  fairly  pure  condition.  Nuclein  may  be 
separated  from  milk  cm  the  same  prindples,  first  exhausting 
the  solids  by  alcohol  and  ether  to  remove  fat. 

§  116.  Milk-Suga/r^  C^H^fO^iHoO. — Milk-sugar,  so  fiu*  as  is 
known,  is  only  found  in  human  mUk,  the  milk  of  the  herbivora, 
and  of  the  bitch.  It  is  easily  distinguished  from  other  sugars ; 
its  specific  gravity  is  1*53;  and  its  solution  turns  a  ray  of 
polarised  light  to  the  right  58^*2.  It  is  soluble  in  six  parts  of 
cold,  and  2*5  parts  of  boiling  water ;  it  is  insoluble  in  absolute 
alcohol  and  in  perfectly  dry  ether,  but  in  dilute  alcohol  and 
commercial  ether  it  is  slightly  soluble,  the  solubility  in  amount 
depending  mainly  on  the  percentage  of  water  which  the  ether 
contains.  At  150°  it  loses  an  atom  of  water  without  further 
decomposition ;  its  watery  solution  is  perfectly  neutral,  and  has 
a  sweet  taste  :  the  sweetening  power  of  milk  as  compared  with 
cane  sugar  is  but  feeble. 

It  reduces  Fehling*s  copper  solution  in  a  proportion  different 
from  that  of  grape  sugar  (see  p.  115).  MUk-sugar  undergoes 
lactic  fermentation  readily  (see  p.  217),  but  alcoholic  with  some 
difficulty.  Milk-sugar  is  precipitated  by  acetate  of  lead  and 
ammonia ;  neutral  acetate  oi  lead,  even  at  a  boiling  temperature, 
neither  precipitates  nor  changes  it.  The  oxides  of  copper,  of 
bismuth  and  silver  are  reduced  by  solutions  of  milk-sugar,  and 
indigo  is  decolourised ;  these  latter  reactions  are  similar  to  those 
of  grape  sugar.  When  oxidised  by  nitric  add,  milk-sugar  yields 
mudc  acid,  acetic  acid,  and  tartaric  adds,  and  on  further  decom- 
position oxalic  acid  may  be  obtained. 

By  boiling  milk-sugar  for  several  hours  with  4  parts  of  water 
and  2  per  cent,  sulphuric  acid,  neutralising  with  carbonate  of 
lime,  evaporating  the  filtrate  to  a  syrup,  a  different  sugar  from 
lactose  may  be  obtained  in  microscopical  crystals.      To  this 

*  Med,  Chem.  UfUermck,  Hoppe-Seyler.  EeiUn,  4.  li^. 
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imvu  ueen  lully  and  early  investigated,  and 
may  be  considered  a  very  close  approximation  t< 
amount  and  chanicter  : — 


Potassium  oxide,  K,0, 
Sodium  oxide,  Na^O, 
Caldnm  oxide,  CaO, . 
Ferric  oxide,  Fe,0„  . 
Chlorine,  CI,     .        .        . 
Magnesiam  oxide,  MgO,    . 
PhMphorio  pentoxide,  PaOg, 


Four  analyses  of  milk  ash  hj  R  Weber  and 
the  following : — 


Potash,. 
Soda,    . 
Lime,   • 
Magnesia, 
Ferric  oxide,. 
Phosphoric  acid, 
Sulphuric  add. 
Chlorine,      • 


tUnlmmn. 

Maximum. 

17<» 

33-25 

8-60 

11-18 

17-31 

27 -66 

1-90 

410 

-33 

•76 

27-04 

29-13 

9-87 


16-96 


The  ohlorine  is  in  combination  with  the  alkalies,  t 
the  earths  as  phosphate,  as  well  as  the  potassium 
that  the  mineral  constituents  of  cows'  milk  are,  p 
potash,  phosphate  of  lime  and  magnesia,  common  salt 
of  phosphate  of  iron.  Other  mineral  inorganic  const: 
been  found  in  small  quantity.     If  sufficient  milk  b< 
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dissolved  in  water  and  treated  with  zinc  and  sulphuric  acid, 
yielded  some  hydric  sulphide ;  and  subsequent  treatment  yielded 
from  6  to  21  mgrms.  of  barium  sulphate  per  kilogramme.*  The 
experiment  appears  to  the  author  as  hardly  conclusive  of  the 
presence  of  a  snlphocyanate,  and  requires  further  investigation. 

Nadler  has  ascertained  that  neither  cows'  nor  goats'  milk 
contains  any  iodine :  he  used  for  the  research  6  litres  of  cows' 
milk  and  3  of  goats'  milk.f  Minute  traces  of  copper  have  been 
found  in  milk ;  but  lead,  arsenic,  and  all  other  metals,  save  iron, 
are  absent. 

§  118.  Other  ConsHtuerUs  of  Afilk.-^ln  1864,  E.  Millon  and 
Commaille,  after  coagulating  and  separating  the  caseine  and 
albumen,  obtained  a  precipitate  from  the  yellow  whey  by  means 
of  a  solution  of  mercury  nitrate.  This  precipitate  was  white, 
amorphous,  and  became  slightly  red  on  drying ;  it  was  insoluble 
in  water,  alcohol,  and  ether.  The  precipitate  was  washed  with 
water,  then  with  alcohol,  and  finally  with  ether,  and  after  drying 
weighed. 

gncM. 


Cows'  milk  yielded 

2-9  to  3*4  per  litre. 

Goats*  milk     ,, 

1-62      „ 

Sheeps'  milk    „ 

2-63      „ 

Asses'  milk     ,, 

3-28      „ 

Woman's  milk,, 

2-77      .. 

To  this  body  they  ascribed  the  following  formula — CjQHjiNgOjg, 
HgO  +  HgO,  NO3,  and  gave  it  the  name  of  Lacto-proteine,  In 
1879,  the  author  studied  this  body  and  decomposed  it,  and 
came  to  the  conclusion  that  lacto-proteine,  as  a  single  definite 
substance,  had  no  existence;  but  that  the  mercury  precipitate  was 
composed  of  two  substances  standing  between  albuminoids  and 
alkaloids,  to  which  the  names  of  galactine  and  lactochrome  respec- 
tively were  ascribed.  With  these  substances  are  precipitated 
small  portions  of  albumen,  which  may  have  escaped  precipitation, 
and  traces  of  urea. 

The  method  of  separation  adopted  by  the  author  is  as  follows  : 
The  caseine  and  albumen  are  separated  in  the  manner  described 
at  p.  241 ;  the  yellow  whey  is  then  precipitated  by  a  solution  of 
nitrate  of  mercury,  of  about  the  same  strength  as  that  used  for 
estimation  of  urea  ;§  the  dense  flocculent  precipitate  is  then,  after 

*  Beriehte  der  Deutachen  Chemischen  OesdUchqft,  xi.,  p.  154,  1878. 

t  Ueber  den  angeblichen  lodgehalt  der  Lufb  nnd  verachiedener  Nahmngs- 
mittel.    Journal  fUr  Praktiache  Chemie,  99,  p.  198. 

t  Noavelle  Substance  contenue  dans  le  Lait.  Eztrait  d*ane  Note  de 
I4M.  EL  Millon  et  Commaille.     Comptes  Bendua,  59,  p.  301,  1864. 

S  The  ordinary  solution  for  the  estimation  of  urea  is  made  by  diBaolving 
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Huitable  washing,  suapended  in  a  very  little  ^Fate^,  and  decora- 
poaed  by  hydrogea  sulphide.  The  liquid  is  filtered,  and  to  the 
tiltrate  a  slight  excess  of  acetate  of  lead  in  solution  is  added, 
when  a  dirtj-white  precipitate  falls,  which  is  collected,  decom- 
posed by  hydrogen  Butphide,  and  recomposed  by  acetate  of  lead 
until  it  is  obtained  perfectly  white.  On  combustion,  numbers 
are  oblained  agreeing  with  the  following  formula,  1  l(PbO)jPbO, 
C„HjgN,0„. 

Gahettne,  aa  obtained  by  decomposing  the  lead  Bait  by  hydrogen 
sulphide,  presents  the  appeai-aiice  of  a  white  (or,  if  slightly  im- 
))ure,  a  fawn- coloured),  brittle,  neutral,  tasteless,  non-oryatalline 
masa,  soluble  in  water,  inaoluble  in  atrong  spirit  It  prosentii 
Home  of  the  characters  of  an  alkaloid,  and  can  be  separated 
from  the  yellow  wliey  of  milk  by  the  general  slkaJoidal 
reagents  of  Sonnenschein  and  Scheibler.*  After  the  galac- 
tine  IiftS  l)eeQ  removed  from  the  liquid,  an  alkaloidal  colouring- 
matter  (for  wliicb  the  author  proposed  the  name  of  laclo- 
dtrttme)  remaina  in  aolution,  and  may  be  precipitated  by  meaiui 
of  nitrate  of  mercury.  The  simplest  formula  for  this  appears 
to  be  HgOCgHigNOj,  Lactochrome,  as  obtained  by  careful 
decompoaition  of  the  mercury-compound,  is  in  the  form  of 
bright  red,  orange,  resin-like  masses,  aoftening  at  100°,  freely 
soluble  in  water,  very  soluble  in  hot  alcohol,  but  partially  separat- 
ing as  the  liquid  cools.  There  appears  little  doubt  that  lacto- 
chrome is  the  cauae  of  the  yellow  colour  of  milk  whey,  and  also 
the  colouring-matter  of  batter.  Thudichum  described  some  years 
ago,t  under  the  name  of  butyro-luteine,  the  spectroscopic  appear- 
ances of  the  colouring-matter  of  butter. 

I  119.  Two  bitter  principles,  possibly  derived  from  substances 
eaten  by  the  cow,  were  aeparated  from  the  milk  of  Devonahire 
cows  by  the  author  in  1879.  A  commercial  gallon  of  milk, 
measuring  3800  cc.,  was  freed  from  caaeine,  albumen,  and  alka- 
loidal matters  by  auccessive  treatment  in  the  way  indicated  at 
pp.  21 1  and  241,  and  the  wbey  precipitated  by  solution  of  mercury 
nitrate,  the  mercury  precipitate  separated  by  filtration,  and  the 
excess  of  the  mercury  nitrate  thrown  out  by  hydrogen  aulphide ; 
the  liquid  was  then  made  alkaline  by  ammonia,  and  lastly  pre- 

100  grm*.  of  pare  mercury  in  half  a  litre  of  nitric  acid;  i 


*  Soiiii«iwchein's  reagent  is  ■  nitric  Mddwlntion  of  phoopho-molybdicicid. 
Scheibler's  reaf^t  ia  a  aolDldoii  of  phoapho-tangatic  acid. 
fChMoieal  niyBolagy,"  by  J.  L,  W.  ThadwhoDi,  M.D„  London,  1872, 
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cipitated  hj  tannin.  The  precipitate  was  washed,  dried,  and 
triturated  with  litharge  and  alcohol ;  and,  finally,  the  mixture 
was  exhausted  by  boiling  alcohol,  filtered,  and  the  filtrate 
evaporated  to  dryness.  The  dry  residue  was  now  dissolved  in 
water,  digested  with  animal  charcoal,  filtered,  and  evaporated  to 
dryness.  A  dark  sticky  extract  was  the  result  of  these  various  and 
successive  operations.  On  treatment  by  absolute  alcohol,  about 
20  mgrms.  of  minute  white  crystals  were  obtained,  which,  on 
combustion  with  cupric  oxide,  were  found  to  be  non-nitrogenous, 
and  (so  £Eir  as  a  small  quantity  can  be  trusted)  gave  a  formula 
closely  agreeing  with  CgH^Oio-  The  larger  portion  of  the  ex- 
tract was  of  a  dark  brown  colour,  very  hygroscopic,  and  becom- 
ing quite  fluid  on  exposure  to  the  air;  soluble  in  water  in  all 
proportions,  insoluble  in  strong  alcohol,  and  reducing  copper 
solution  on  boiling,  as  well  as  chloride  of  gold  at  the  ordinary 
temperature ;  it  also  rapidly  reduced  nitrate  of  silver  on  warm- 
ing. The  taste  was  woody  and  feebly  bitter ;  the  reaction  was 
neutraL  Two  strictly  concordant  analyses  gave  numbers  agree- 
ing with  the  formula  CygHifif^. 

Kreatinine  appears  to  exist  in  normal  milk,  for  the  author 
recently  separated,  in  the  ordinary  way,  '059  of  the  chloride  of 
zinc  compound  of  kreatinine  from  310  cc.  of  milk ;  this  corre- 
sponds to  *0115  of  kreatinine  in  100  cc.  of  milk.  Commaille  had 
already  discovered  that  in  a  sample  of  milk  which  remained  some 
time  in  a  partially  closed  flask,  appropriate  treatment  would 
give  crystals  yielding  with  chloride  of  iinc,  or  oxide  of  mercury, 
kreatinine  reactions ;  and  the  presence  of  this  substance  in  small 
quantities  as  a  normal  (perhaps  constant)  constituent  of  milk  is 
now  placed  beyond  a  doubt  Urea  has  been  found  in  almost  all 
animal  fluids,  and  in  such  small  quantities  as  a  milligramme  per 
100  cc.,  it  is  rarely  absent,  but  any  marked  percentage  of  urea  is, 
of  course,  abnormal. 

§  120.  Milk  has  a  peculiar  sweet  odour,  and  the  odoriferous 
principle  may  be  separated  by  agitation  with  three  or  four  times  its 
volume  of  petroleum  ether.  MM.  Millon  and  Commaille  have 
recommended  bisulphide  of  carbon  for  this  purpose,  but  it  is  not 
quite  so  convenient  a  solvent.*  In  neither  case  is  any  of  the 
milk-fat  dissolved.  Lactic  acid  is  almost  invariably  present  in 
cows'  milk,  and  gradually  increases  in  quantity.  The  amount  of 
lactic  acid  obtained  from  milk  which  has  been  drawn  from  the 
cow  within  the  hour  is  from  '01  to  02  per  cent. 

§  121.  Putting  them  in  one  view,  the  constituents  of  milk,  so 
fieur  as  is  known  at  the  present  time,  are  as  follows : — 

*  Analyse  dn  Lait,  MM.  Millon  et  Commaille.    Compt  Rend,y  t  59^  :<0a. 
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/  0\iaa,  . 
1  Stearin  and  . 
I  rilmitin, 
■(  Batyrin, 
I  C^toin, 
J  Capiylin  and 
LRntin,    , 


j  1750 
0-270 


r 


CtwiDe. 3-96 

Albtunen, 0-77 

Milk-sugar, 400 

fialaotine, 0-17 

Latochnime, undetermined 

■*",°'ft°°S   '"^  f*'"l'°  teli^id.  !)  j  'SJ^S  j  „^, . 

■'     I*    '•' (   by  tannin,   ) 

CryBtalline  principle,  C,H,0,,,  ....  undetermined 

I^dio  add,  .        ,         Perhaps  abaent  in  milk  in  the  udder, 

bat  by  the  time  an  analysia  cmi  be 
made,  alwaya  present  mna  HI  per 

Alcohol, traces  alwan  pnseot 

Odorona  principle,  oil  of  milk !      .       .        .       .        nttdetenujned 
Urea,  ....        traces,  anch  aa  -0001  per  cent,  nearly 

always  preaent. 
Kreatdnioc, traces  (Commaille), 

K.O, 
N«,0, 
CaO. 
Fe.O, 


Slaorine, 

Salphnric  add  in  combination, 

Snlphooyaaatei,  . 

W»t«,         .... 


vet;  minate  trac«B. 


GASES  OF  HILK. 

§  122.  The  atithor  has  investigftted  recently  the  gases  contRindd 
in  milk.     Various  samples  of  milk  were  cLiiniped  on  to  a  mer- 

*  Mmo  of  font  dttanniuiiufBa  QiA^ . 
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curial  pump,  and  the  whole  of  the  gas  which  thej  yielded 
pumped  out  and  received  in  tubes,  whence  the  gas  was  trans- 
ferred to  a  gas  apparatus  and  analysed.  A  litre  of  new  milk, 
while  fresh  and  warm  from  the  cow,  connected  in  this  way  to 
the  pump,  yielded  1*83  ca  of  gas,  which  on  analysis  had  the 
following  composition  :-— 

00.  Per  cent 

Carbon  dioxide,  CO,,  -06  .  .  .  3*27 
Nitrogen,  N,  .  .  1*42  .  .  .77*60 
Oxygen,  0,     .        •       -36      .        .  19*13 

The  proportion  of  oxygen  to  nitrogen  was  therefore  nearly  as  1 : 4. 
Another  litre  of  good  Devon  commercial  milk,  on  being  subjected 
to  the  same  process,  yielded  3*468  cc.  of  gas,  the  percentage 
composition  of  which  was  : — 

Peroent 
Carbon  dioxide^  CO,,   ....        60'47 

Nitrogen,  N, 30*21 

Oxygen,  0, •  9*30 

This  sample  had  been  standing  at  a  temperature  of  15^  for  some 
hours;  hence  the  diminution  of  oxygen  and  the  increase  of 
carbon  dioxide.  Various  other  similar  experiments  were  made, 
with  the  result  of  establishing  the  fact  that  a  litre  of  fresh  milk 
yields  to  the  Sprengel  pump  from  1  to  3  cc.  of  gas,  in  which 
there  is  always  a  certain  percentage  of  carbon  dioxide,  and  in 
which  the  relation  of  the  nitrogen  to  the  oxygen  is  very  similar 
to  the  relation  that  exists  in  the  air  dissolved  in  water ;  but 
that  fermentation,  at  any  temperature  in  which  fermentation  is 
possible,  at  once  commences,  when  the  lactic  ferment  begins  to 
use  up  the  oxygen,  and  ultimately  carbon  dioxide  is  the  only  gas 
which  can  be  obtained.  This  evolution  of  carbon  dioxide  is 
slow  but  continuous,  and  it  seldom  reaches  any  considerable 
amount.  The  author  has  kept  milk  for  months  in  bottles  pro- 
vided with  a  tube  dipping  under  mercury,  but  only  when 
the  temperature  was  from  18°  to  20°  was  the  tension  of  the 
gas  sufficient  to  cause  it  to  be  evolved  without  the  aid  of  a 
Sprengel  pump.  As  an  example  of  this  continuous  fermentation, 
one  of  the  experiments  may  be  cited  : — 100  cc.  of  milk  in  which 
fermentation  had  begun,  were  suitably  clamped  to  a  Sprengel 
pump  :  on  the  first  day  there  was  a  small  percentage  of  nitrogen 
and  a  little  oxygen  ;  and  on  the  second  day  a  trace  of  oxygen  \ 
but  on  the  succeeding  days  the  gas  con^ated  ^\ioW^  o1  ciK^c^\^ 
dioxi^^  as  follows  : — 


(5  122- 
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l(t  dkf. ]'133<: 

inAdms G-oee 

3rd  d«y, 19540 

4th  day, 7-621 

5th  d»y 7-370 

6th  d»y. 9-023 

7tli  d»y 1-78(1 

15th  d»y 21-350 

19th  day 4-370 


Oiving  &  total  of  77*26!)  cc.  of  carbon  dioxide  in  19  days,  the 
temperature  mnging  between  14"  and  I9''-5.  Milk  previously- 
deprived  of  dissolved  air  by  the  Sprengel  pump,  then  confined 
over  mercury  and  submitted  to  nn  atmosphere  of  oxygen,  rapidly 
absorbs  the  oxygen,  the  place  of  which  is  taken  by  carbon  dioxide, 
provided  the  temperature  is  a  fermentation  one — that  is,  abovp 
9"  and  below  60°.  Tliis  continuous  absorjrtion  of  oxygen  was 
well  shown  in  an  expeviinent  of  the  author's,  in  which  a  litre  of 
milk  was  submitted  to  the  action  of  a  Sprengel  pump,  and  in 
which  it  was  found  there  was  a  continuous  slow  diffusion  of  air 
through  the  iitdia-rubber  connections.  It  has  long  been  shown 
by  Graham,  that  air  thus  finding  its  way  through  the  minute 
pores  of  thick  rubber  is  Very  highly  oxygenised ;  yet  all  oxygen 
rapidly  disappeared  from  the  gas,  and  after  tbe  second  day  pure 
nitrogen  and  carbon  dioxide  could  alone  be  obtained  : — 


iBt  day. 


6-732  oc  ofgM. 


Carbon  dioxide,  .        .        .       '.         .        .       55393 

Nitrogen 33780 

Oxygen,      ....  ,        .       10-828 

Ratki  of  oxygen  to  nitrogen  as  1  to  3  nearly. 


Sod  day,  total  gaa,  7*3  cc 

Carbon  dioxide,  ....  49-7S 

Nitrogen,    ...                 ...  4973 

Oxygen,      ...                          .        ,  -54 

3rd  day,  .  4-863  oe. 

Carbon  dioiide, 61-08 

Nitrogen, 38-94 

4th  day,— 

Carbon  dioxide, 87(18 

Nitrogai,   ....  I2DZ 
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Poroeiiti«»  ooinpotMoa. 
5th  d»y, — 

Nitrogen, 91-52 

Carbon  dioxide,  .        .                .        .        •  8-48 

7th  d»y,— 

Nitrogen, 46*62 

Garb<m  dioxide, 54  •M 


"  FORE  "  MILK. 

§  123.  If  an  animal  is  fractionally  milked — ^that  is,  the  whole 
of  the  milk  received  into  three  or  four  different  vessels — ^it  will 
be  found  that,  on  analysis,  the  several  portions  exhibit  some 
difference  of  composition,  more  observable  in  the  last  and  the 
first,  than  in  the  intermediate  portiona  This  difference  mainly 
affects  the  fat,  the  first  portions  of  the  milk  yielding,  as  a  rule, 
but  little  fat,  while  the  latter  portions,  called  "  strippings  "  (in 
speaking  of  cows'  milk),  contain  an  excess  of  milk-fat.  Thus,  in 
a  Devon  cow  milked  in  this  way  for  the  purpose  of  analysis,  the 
writer  found  the  two  extreme  portions  to  have  the  following 
composition  : — 

Fore  Milk.  Sliippings. 

Specific  gravity,        .        .        .        1*0288  1-0256 

MUk-fat,   . 

Caseine,     . 

Albumen,  . 

Galactine, . 

Milk-sugar, 

Ash, 

Water,      . 

Common  salt  in  ash, .        .      ^340 


Specific  gravity, 

Milk.&t,  . 
Caseine,  . 
Albumen, . 
Galactine, 
Milk-sugar, 
Ash, 

Water,      . 
Common  salt  in  ash. 


1^166 

5-810 

2-387 

4-304 

1-830 

•975 

•381 

-545 

3-120 

3-531 

•797 

•895 

90319 

83940 

•267 

30W  yielded  the  followi 

Fore  Milk. 

Btrippiocs. 

1-040 

1-023 

•367 

6-946 

4-708 

3*435 

•451 

•860 

•267 

•156 

4-943 

5-280 

•874 

-929 

88-400 

83-394 

•100 


•098 


Dairymen  are  perfectly  aware  of  the  poorness  of  fore  milk  in 
fkt,  and  more  than  once  fraudulent  milkmen  have  endeavoured 
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to  defend  themselves  by  hsving  lecourse  to  the  strange  expedient 
of  portiatlf  milking  a  cow  before  such  functioD&ries  as  aldermen 
or  iKilicemen,  and  delivering  with  all  formalities  the  sample  to 
be  analysed.  The  analyst,  not  kno-wing  ita  history  (for  in  such 
caseH  it  is  transmitted  as  an  ordinary  commercial  mik),  and 
finding  it  on  anaJysis  deficient  in  fat,  certifies  accordingly,  and 
until  the  matter  is  explained  suffers  in  reputation.  Such  tricks 
have  during  the  last  few  years  been  rather  common,  but  so  fully 
exposed  that  they  are  not  likely  to  re>«ccnr. 

This  difference  in  the  first  and  last  milkings  is  not  confined 
to  cows'  milk,  but  has  also  been  observed  in  the  milk  of  other 
animals.  Peltgot  had  an  ass  milked  in  three  successive  portion^ 
and  found  as  follows  : — 

1  2  S 

Milk-fot,         ...  96  1-02  1-62 

Milk.BOi(»r,      .        .  6'50  6-48  6-M 

CweiDe,  ....         1-76  I  95  2-95 

Total  K^idt,    .        .    0-22  10-4$  10-»7 

Water,    ....      90-78  87-5S  89-03 

Beiset*  has  also  found  a  oonsiderable  difference  in  the  per- 
centage of  total  solids  in  human  milk  in  fractions  taken  before 
the  child  wu  ^plied  to  the  breast  and  after. 

Belon  Ssckllse.  Aflur  SoekUnc. 

1 10-58  12-93 

2. 12-78  15-62 

a 13«  U-57 

It  has  been  considered  that  this  difference  is  merely  due  to 
the  effect  of  a  physical  cause ;  that,  in  short,  as  regards  cows' 
milk,  the  milk  already  secreted  is  in  the  same  state  as  if  it 
stood  in  a  vessel,  and  the  fat  rising  to  the  top  is,  of  course,  drawn 
last  This  explanation  cannot  be  altogether  true,  for  the  same 
phenomenon  is  observed  in  human  milk,  and  here  the  breasts 
are  horizontal,  or  nearly  so.  It  is  more  probable  that  during  the 
act  of  milking  secretion  goes  on,  and  it  would  seem  that  the 
ta,tty  contents  of  the  milk-producing  cells  are  set  free  before  the 
more  watery  and  albuminous.  Hence,  the  strippings  are,  as  the 
most  recent  portions  of  the  whole  secretion,  rich  in  fat.  This 
view  is  supported  by  an  experiment  of  Keiset,  in  which  it  was 
proved  that  the  longer  the  time  elapsing  between  the  partial 
milkings,  the  less  the  percentage  of  solids. 
'  J.  ReiMt:  ArmaUa  de  Chinue  et  de  Phj/mqut,  3,  ser.  ziv.,  1849. 
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HUMAN  MILK. 

§  194.  Woman's  milk  has  been  long  an  object  of  research^  and 
numeroas  analyses  of  it  are  scattered  through  scientific  literature. 
These  analyses,  in  their  quantitative  results,  show  considerable  dis- 
crepancies, so  that  we  must  either  adopt  the  supposition  that 
human  milk  is  very  variable,  or,  what  is  more  probable^  iliat  the 
samites  taken  did  not  represent  the  average  secretion.  JVom 
experiment,  the  author  has  come  to  the  conclusion  that  it  is 
impracticable  with  any  mechanical  appliances  to  obtain  a  complete 
sample  of  human  milk.  In  civilised  life  the  nervous  system 
assumes  such  a  high  and  delicate  state  of  organisation,  that  the 
secretion  is  far  more  dependent  on  the  presence  and  contact  of 
the  offspring  than  among  animals.  Hence,  samples  of  human 
milk  taken  by  breast  pumps,  or  other  exhaust  apparatus,  can 
only  be  considered  partial  samples ;  and  a  study  of  partial 
sampUng  in  the  case  of  cows'  milk  (p.  217)  has  taught  us  how 
very  widely  the  quantities  of  the  ^tty  constituents  in  such 
samples  differ  from  one  taken  from  the  whole  bulk.  Woman's 
milk  contains  milk-fat  which  has  not  been  obtained  in  quantities 
sufficient  for  accurate  investigation,  and  a  knowledge  of  its  exact 
composition  is  still  a  desideratum.  It,  however,  certainly 
contains  butyrin,  for  the  author  has  succeeded  in  isolating  a 
sufficient  quantity  of  butyric  acid  from  saponified  human  mBk- 
fat  to  identify  it  satisfactorily.  Milk-sugar,  caseine,  albumen, 
galactine,  and  a  colouring-matter,  with  mineral  substances,  are 
also  constituents  of  woman's  milk.  The  caseine,  like  that  of  the 
ass,  is  peculiar  in  not  separating  in  flocculent  masses  by  the  pro- 
cesses recommended  at  p.  241,  and  the  analyst  is  under  the  neces- 
sity of  adopting  a  different  process  (see  p.  242).  This  difference  is 
all-important;  for  in  artificial  feeding  with  cows'  milk,  as  soon 
as  the  milk  reaches  the  stomach,  the  milk,  in  popular  language, 
"  curdles,"  and  is  often  rejected  by  vomiting.  One  of  the  earliest 
exact  analysis  of  human  milk  was  made  by  Meggenhofen*  in 
1826.  His  treatise  scarcely  appears  to  be  known,  yet  it  contains 
]>retty  well  all  that  is  known  of  the  composition  of  human  milk. 
The  total  solids  of  human  milk  Meggenhofen  determined  from 
twelve  samples,  the  highest  of  which  is  13'38,  and  the  lowest 
9*25  per  cent.,  the  mean  being  about  12  per  cent.  Probably  for 
the  first  time  Meggenhofen  determined  the  albumen  separately 
from  the  caseine,  and  also  weighed  *^mcUericB  cmimalia  Hnctv/ra 
gallarum  animalis  precipitate^,**  His  view  of  the  composition  of 
human  milk  may  be  fairly  stated  thus — 

*  DitsericUio  Inaugurals  Jndagationem  LacUa  MuU^fria  Chemictim,    C. 
Aug.  Meggenhofen.    Frankfort,  1826. 
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According  to  the  writtr's  own  experiments  o 
and  tho  quantitative  analysis  of  samplea  takei 
uompletely  aa  can  be  done,  it  has  tko  following  cc 


I  human  milk, 
as  fairly  and 
U  position  : — 


Wator, 8S-0 

Total  nlida,  ....  18-0 

Solid*  not  &t,       .         .        .         .  9-1 

With  regard  toother  constituents,  urea  is  often  present;  there 
is  also  an  odorous  principle.  Human  milk  decomposes  similarly 
to  cows'  milk,  and  yields  similar  gaseous  and  other  products. 

§  125.  MUk  of  tfie  As».—T\ie  author  has  recently  had  an 
opportunity  of  investigating  the  milk  of  the  ana.  This  milk 
was  obtained  under  hia  personal  superintendence  from  asses  kept 
and  fed  in  London  dairies  for  the  purpose  of  supplying  the 
demand  that  still  exists  for  asses'  milk.  The  animals  were  on  a 
uniform  diet  of  bran,  hay,  and  oats.  The  yield  of  e.ach  milking 
was  carefully  aoted,  and  the  ass  in  each  case  milked  dry.  It 
would  appear  that  the  milk  of  the  aas  under  these  circumstances 
has  a  very  uniform  composition,  the  difleronces  observed  being 
<iuite  unimportanL  The  yield  for  commercial  purposes  appears 
not  to  exceed  3  pints,  and  to  average  about  2J  pints  daily.  More 
thau  this  is  doubtless  secreted,  but  some  of  it  is  used  by  the 


foal.     In  no  case  did  a  single  milki 

fifths  of  a  pint),  but  usually  bet' 

The  mean  composition  of  asse 

Milk-&t 

Caaeine 

Albumen 

Oalactine,     .... 


,ng  yield  half  a  litre  (thre 
300  and  400  cc. 
k  is  as  follows  :- 


sugar,, 

fVah,     . 


Water, 
Total  aolidi, 
Solida  not  iat, 
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The  fat  oontains  5  per  cent  of  batyric  acid,  equal  to  6'6  per 
cent,  of  butyrin ;  it  is  probably  very  similar  to  butter  fat.  After 
the  precipitation  of  caseine,  albumen,  lactochrome,  and  galactine, 
there  yet  remain  principles  precipitable  by  tannin.  As  in 
human  milk,  the  caseine  is  not  readily  precipitated  but  renuuns 
suspended  in  a  state  of  fine  division,  however  far  lactic  fermen- 
tation may  have  progressed. 

§  126.  Miik  of  the  GocU, — The  milk  of  the  goat,  as  a  rule,  con- 
tains more  cream  than  that  of  the  milk  of  the  cow,  and  ratiier 
less  albuminous  matter. 

Its  average  composition  is  as  follows : — 

Perceot. 

Milk-&t, 4-20 

Caseine, 3-00 

Albnmen, *62 

Galactine, *08 

Milk-sugar, 4*00 

Mineral  constituents, *56 

Water, 87*54 

Total  solids, 12*46 

SoUdsnotfat, 8126 

§  127.  Milk  of  tJie  Ma/re, — The  milk  of  the  mare  closely 
resembles  in  its  constituents  the  milk  of  the  cow :  the  caseine, 
the  sugar,  and  the  fat  being  very  similar,  if  not  identical.  M.  J. 
Duval*  asserts  that  he  has  discovered  in  the  milk  of  the 
mare  a  new  acid,  to  which  he  has  given  the  name  of  equinic,  and 
which  crystallises  in  groups  of  little  needles ;  it  is  not  volatile 
without  decomposition,  in  odour  fragrant.  It  is  combined  with 
a  base  volatilised  by  heat,  which  the  author  considers  a  base  of 
the  ammonia  type.  Its  reactions  with  silver  nitrate,  ferric 
chloride  and  auric  chloride  distinguish  it  from  hippuric  acid. 
No  analyses  are,  however,  given. 

The  mean  composition  of  mare's  milk  is  as  follows : — 

Per  cent. 

Milk-fet, 2-50 

Caseine, 2*19 

Albumen,    .        .        .* '4Sl 

Galactine, *09 

So^, 6*50 

Mineral  constituents, *50 

Water, 88*80 

Total  solids, 11*2 

Solids  not  fat, 87 

*  Camptes  Bendus,  t.  82,  419,  1876. 
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Milk-fat, 

Caseine,       ....... 

Albumen,   ....... 

OalactiDe, 

Milk-sugar, 

Ash, 

Water, 

Total  soUds,  .        .        .        1773 

SoUdsiiot&t»    ....        12-43 

The  oaaeine  behaves  similarly  to  the  caseine  of  cowi 

a'*  f  by  dilution,  acidulation  with  acetic  add,  &c.  | 
s  6  per  cent,  of  its  weieht  of  butyric  acid,  and 
ocwiposition  to  the  milk-fat  m>m  cows'  milk. 

§  129.  The  MUk  qfihe  Cam«Z. —Chatin  has  analysed 
He  desoribes*  it  as  perfectly  white  in  colour,  and  possei 
but  more  numerous  than  those  in  cows'  milk,  the  < 
arerage  one-hall  Specific  gravity,  1  '042.  It  appears 
milk^ugar  and  caserne  than  cows*  milk.  Dragendori 
camelB^  milk,  and  gives  the  following  figures : — 

Albuminoids, 

Fat, 

Milk-sugar, 

Ash, 

Water, 

§  130.  MUk  of  the  Llama.—Dm^wt  has  analysed  th 
Tn%«  «•—• .  «*u:-  4.1. 1 • 
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the  milk  of  this  enonnoos  animal,  as  it  is  fierce  when  it  snckles  itsoffiipriii^. 
A  sample  of  the  milk  was,  however,  investigated  by  Gunniiijg.*  He  descnbes  it 
as  of  an  acid  reaction,  and  under  the  microscope  showing  larger  globules 
than  that  of  other  animals.  The  young  hippopotamus  sucks  under  water, 
and  can  remain  there  for  a  much  longer  time  than  the  adult  animaL  llie 
secretion  of  milk  is  excessive  in  quantity,  and  escapes  from  the  distended 
teats  in  streams,  which  make  the  water  around  the  animal  quite  opaque. 

Its  general  composition  appears  to  be  as  follows : — 

Percent 

Milk.&t, 4'5I 

Milk-sugar,  with  a  small  portion  of  albumincnd 

substance^ .  4*40 

Salts, '11 

Water, 90-98 

§  132.  MUk  of  the  Soto.— The  mean  of  eight  analyses  collected  by  Kdnigf 
of  sow's  milk,  is  as  follows : — 

Per  oenti 

Milk-fat, 4*56 

Albuminoids, 7*23 

Milk-sugar, 3*13 

Ash, 1-06 

Water, 84*04 

Total  solids, 15*90 

SoUdsnotfat, 11 '41 

There  are  also  two  analyses  of  the  milk  of  a  sow  investigated  by  Filhol 
and  Joly ;  the  animal  was  fed  on  horse-flesh,  a  diet  £Ekr  from  natural ;  under 
this  diet  was  secreted  a  highly  albuminous  fluid,  containing  but  little 
sugar.    Specific  gravity  1*044. 


Percent 


Albumen, 
Fat,       . 
Sugar,   . 

Extractives  and  salts, 
Water, . 
Total  solids. 
Solids  not  fat. 


23*0 
16*4 


12*89 
6*6 
0*5 
3*01 
77*0 
31*9 
26*5 


21*0 
5*4 
1*2 
4*3 

68*1 


§  133.  MUk  of  the  Bitch,— The  milk  of  the  bitch  is  highly  charged  with 
albuminous  solids,  and  is  of  a  specific  gravity  randng  from  1*034  to  1  '036.  It 
has  been  investigated  bv  Simon,  Dumas,  Filhol  and  Jolly,  TaLniaiteseheff^ 
Bensch,  Scubotin,  and  others,  with  the  following  mean  results  :— 

Percent 

Milk-fiit, 9*57 

Caseine, 6*53 

Albumen, 4*38 

Milk-sugar, 3*19 

Asn,     •.                 ••.•»•  so 

Water, 76*60 

Total  solids, 23*46 

SoUdsnot&t 13-83 

*  OfueUa  Chim.  liaHana,  1871>  p.  255. 
f  Op,  cU, 


The  -lej  would  oomBpond  to  aboot  "25  of  gdwitii 
£  136.  irUk-liU  Saretiont  o/"  Birdt  and  Planti  ~ 
umauia  alone  ivHof.  ™iii.    !._..  .t-     -     ,  ^""«-- 


J,  J^  ^roto  milk,  but  this  is  by  uiT™, 
Irtti.  whilB  ^  the  young  birfs  m.  fitotKirril 
of&^theyoa.>gb«U     Acoorftog  to'^&Ji' 


.Snob  milk-hice  flecretbaa  are  by  no  tDMn*  «, 
mucous  membraaoa  of  birds.  Jon  m*  hw  mSH  ^ 
the  <«reb<.u  of  the  Kbud,  lmo«-A  to  wuitomirin 
mtaated  at  the  tail  of  the  comruoii  iioom     The  •««. 

jUhouah  the  analyBia  was  not  quite  bo  oomrf^  «  V 
l»en  oEtaujable.  it  fairly  shows  that  thereTS^^ 
™i Ik  and  thia  j^retioD,  tbo  n,ast  twrkS  dfffS^ 
nulk-augar  could  bo  found.     The  anjyw.  of  twoZSj 
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In  ether  extraei, 
Cet^l-Alcohol, 
Oleic  add. 
Lower  addi,  . 
Lecithio, 


1 

74-23 

6-48 

3-73 

2-33 


2 
104-02 

••• 
14-84 


In  the  yegeUble  kiDedom,  numbers  of  treee  or  plants  3rield  a  white  fatty 
secretion,  popularly  ca&ed  inilk,  though,  as  a  role,  such  fluids  have  no  right 
to  this  title,  being  totally  different  in  composition  and  properties.  A 
very  remarkable  exception  to  this  assertion  is,  however,  md;  with  in  the 
"  flmk  tree  '*  {Bronmum  ffolactrodendron),  to  be  found  in  Central  America. 

This  tree,  on  incision,  yields  an  abundance  of  a  thickish  feebly  acid  fluid, 
coagulating  on  exposure  to  the  air.  M.  Boussingault  has  recentlv  analysed 
this  juice,  and  considers  it  perfectly  analogous  to  ordinary  milk,  since  it 
contains  a  fatty  principle,  an  albuminous  principle,  a  sugar,  and  phosphates. 
The  exact  composition  of  these  different  matters  has,  however,  not  been 
determined.    Boussingault* s  general  analysis  is  as  follows  : — 


Fatty  saponifiable  matters,    . 
Sugar,  and  substances  analogous, 
Caseine,  albumen, 
Earths,  alkalies,  phosphates, 
Substances  not  estimated,     . 
Water, 


35-2 
2-8 
1-7 

1-8 
58*0 


This  milk  is  used  largely  as  a  food  in  the  regions  where  the  tree  grows. 


ABNORMAL  MILKS. 

§  136.  Milk  which  deviates  from  the  natural  secretion,  the 
animal  suffering  from  no  disease,  and  milk  secreted  under 
unnatural  conditions,  may  be  conveniently  classed  as  ''abnor- 
mal." (Milk  derived  from  the  unhealthy  will  be  considered 
in  another  section.)  Instances  of  heaUhy  cows  giving  milk  dif- 
fering essentially  from  ordinary  milk  are  very  few.  One  such, 
however,  is  recorded  by  Mr.  Pattinson,  who  analysed  the  milk  of 
a  roan  cow,  which  only  gave  2  per  cent,  of  albuminoids,  and 
yielded  no  less  than  4  grms.  per  litre  of  common  salt.  The 
animal  is  stated  to  have  been  in  good  health. 

The  newly-born  human  in£euit  almost  constantly  secretes  a  fluid  in  the 
mamm»,  and  adult  males  have  not  only  secreted  milk,  but  that  in  abun- 
clance  enoush  to  suckle.  Females  also,  both  human  and  animal,  occasionally 
secrete  milk  without  having  been  previously  pregnant.  With  regard  to  the 
milk  secreted  by  infants,  there  is  some  doubt  about  its  real  nature.  KoUiker 
does  not  view  it  as  a  true  milk,  but  considers  its  appearance  connected  with 
the  formation  of  the  mammary  glands.  Sinety,  on  tne  other  hand,  upon  ana- 
tomical grounds,  considers  it  a  true  lacteal  secretion.  It  probably  is  a  sort 
of  impenect  milk  loaded  with  leucocytes,  and  this  is  the  more  likely,  as 
Billara  {TroUi  dea  Maladiea  des  EnfanU  nouveau  nis^  3me  edition,  18$7>  V* 
717)  notices  that  it  frequently  ends  m  abaceBS. 
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niilL,*  obtained  fay  eqaeering  the  brasrts  of  a  newly'born  in^t — ■  male. 
In  the  course  of  a  few  dayi  about  a  draclua  vaa  obtuned.  The  foUowing 
was  the  reiult  of  the  aiulyais  :  — 

Water, 96'™ 

fat, -82  _ 

Ash -OS  ■ 

Caseine.  suKar,  and  extractives,  .  2*83  I 


MilUfat, 

:        .       1-456 

■82 

1-40 

■567 

2-80 

■490 

Milk-Bugar.      . 

■856 

6^U 

Water,     . 

.     95-705 

96 -.to 

39-40 

Total  solids,    . 

.       4-295 

3^70 

lOfiO 

Jtdly  uidFilholhBvenoordedtlieeMeof  utoldlady,  TSyMnofa^  who 
■Dckled  ■ncceasfally  her  erandchild.H  Similar  instances  have  been  noorded 
in  do^,  and  we  foitnnst^T  poaaess  one  or  two  analyses  which  show  that  the 
fluid  IS  certainly  milk.  Tbas  Filhol  and  JoUy  give  the  following  analysia  of 
the  milk  derived  from  a  bitch  which  had  no  connectioti  with  a  male  : — 


Fat, 

Sugar, -32 

AtbnineD, 23-20 

The  aah,  on  aiwlyais,  gave  the  following  percentage*  in  100  part*  i — 

Chloride  of  sodium, 6S-10 

Chloride  of  potaasinm,          .        .                 .  3  -SS 

Calcio  phosphate, 27'75 

Sodic  phosphate, 1^40 

Sodio  carbonate, 1  ■S? 


S^vnciaco  Lozano,  whom  he  saw,  and  whose  case  he  carefully  investigated  ; 
and  it  appears  established  that  this  nun  did  secrete  from  his  breasta  a 
nntrient  fluid  on  which  bis  infant  son  lived  for  many  months,  it  is  said, 
indeed,  a  whole  year  The  curious  in  such  matters  may  conanlt  the  refer- 
ences given  in  the  footnote  for  additional  cases.** 

*  ITntenuchung  der  sogenannte  Hexenmilch,  J,  Schloasberger,  Annalen 
der  Chemii  u.  Pharmaeii,  b.  87,  1852. 

t  JakTb.f.  KnidtrkrankMUm,  N.  F.,  Bd.  ix..  8160. 

t  Schlossberaer  u.  Hauff,  Ann.  Chtm.  Pharm.,  Bd.  icvj.,  p.  68. 

S  Gabler  n.  Quevenne,  op  dU 

H  "Recberchei  snr  le  Lait,"  iii.,  Bruzelles,  1856. 

VHnmboldt:  "Voyage  am BfigioasEqninoiialesdnNonTeaa Continent." 

"  Bobert,  Jialiop  of  Cork :  L^tei  conceininz  a  Man  who  gave  Buck  to  a 

C^Od,  J*AiL  TVwMi,  174l,No.«l,t.iii.,^.m.   ^mSiisTi-,  "¥.«™tiie 
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Instances  have  also  been  known  of  a  like  kind  among  animals.  Schloss* 
bemr  has  analysed  the  milk  derived  from, a  he-goat  {Atmalen  der  Chemie 
tc  Pharmade^  1844) : 


Milk-fat, 

Caseine,  with  salts  soluble  in  alcohol, 
Sugar,  with  salts  soluble  in  alcohol. 


26*50 
9-60 
2*60 


The  ash  was  *782  per  cent — viz.,  *325  soluble  in  water,  '457  insoluble. 
Occasionally  the  female  mamme  after  confinement  has  continued  to  yield 
milk,  although  the  infant  has  either  been  dead  or  nourished  otherwise. 
In  such  cases  the  milk  deviates  from  its  normal  composition,  and  is,  for  the 
most  part,  highly  albuminous.  In  a  case  of  this  kind  recorded  bv  Filhol  and 
Joly,*  three  analyses  of  the  milk  were  made  as  follows,  at  difirerent  dates, 
about  a  week  apart : — 

1.  2.  3. 


Specific  gravity,    .        .        .        1*039  1*025 

Total  reudue^       .        .        .21*50  18*30 

Milk-fjftt,       ....        500  6*15 

Sugar, 2*19  1*27 

Albumen,      ....      12*96  9*00 

Extractives  and  salts,  .        .        1*35  1*88 

Water 78  50  81*70 

Caseine  was  entirely  absent. 

The  composition  of  the  ash  was  as  follows : — 


Chloride  of  sodium,   . 

Chloride  of  potassium, 

Calcic  phosphate, 

Sodic  phosphate, 

Sodic  carbonate, 

Magnesic  and  ferric  phosphates. 


1*023 
18*63 
7*80 
8*50 
6*65 
1*68 
81*37 


Pttroeni. 

73*10 

traces. 

23*40 

80 

1*89 

81 


GENERAL  EXAMINATION  AND  ANALYSIS  OP  MILK. 

§  137.  The  general  examination  and  analysis  of  milk  may  be 
conveniently  treated  of  under  the  following  heads : — 

I.  Mici*oscopical  examination  of  milk. 

II.  Analytical  processes,  more  particularly  for  the  purposes  of 
the  food-analyst. 
A.  General  analysis  of  milk, 
(a.)  Specific  gravity. 
(6.)  Total  soUds. 
(c.)  Extraction  of  milk-fat. 
(d.)  Extraction  of  milk-sugar, 
(e.)  Albuminoids  and  ash. 

of  a  Journey  to  the  Shores  of  the  Polar  Sea,"  1819,  p.  157.    Cobbold : 
Milk  from  the  Male  Mamma,  MofUhly  Journal  tf  Med,  Science,  1854 ; 
t.  xviii.,  p.  271.    Morgagni:  Adveraaria  ^fioiomioa  Omnia  VY*  AmnaxMl- 
vsrsto,  i.,  p.  3). 
•  Cpa^fles  Jitndus,  t  xxxvL,  p.  671.     1853. 
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B.  Various  methods  proposed  for  eztraoting  the  milk-fot. 
(1.)  Solvents  for  fat 

(2.)  Soxhlet's  process. 

(3.)  Extraction  by  ether,  acting  on  alkaline  milk. 

C.  Yarious  other  methoda  of  milk  analysis. 
(1.)  Drying  in  a  vacuum. 

(2,J  Direct  detenniBation  of  the  water. 

S3.)  Absorption  of  water  by  dehydrating  agents. 
4.)  Ritthausen'a  copper  process. 
f5.)  MUller'a  process. 
6.)  Clausnizer  and  A.  Mayer's  process. 
IIL  Special  details  as  to  the  more  exhaustive  and  scientific 
analysis  of  milk. 
(1.)  Analysis  of  the  milk-&t,  and  examination  of  the 

ethereal  extract. 
(2.)  Extraction  of  the  milk-BUgar. 
(3.)  The  ash. 

(4.)  Estimation  of  albumen. 
(S.)  Isolation  of  galactine. 

(6.)  Isolation  of  the  prindple  predpitated  by  tannin. 
n.)  Estimation  of  urea. 
(8,)  Estimation  of  alcohoL 
(9.)  Volatile  acids. 
(10.)  Estimation  of  the  total  acidity   of  milk,  and 

estimation  of  lactic  acid. 
(11.)  Detection  of  metals  in  milk. 


I.   MiCBOSCOFICAL  EXAHINATION  OF  MiLK. 

§  138.  A  mere  chemical  analysis  is  incomplete  and  insaffirient 
in  itself,  and  should  in  all  cases  be  preceded  or  supplemented  by 
a  careful  and  painstaking  microscopical  examination.  Norm^ 
milk,  viewed  under  the  microscope,  presents  for  the  most  part  a 
multitude  of  fat  globules  floating  in  a  clear  fluid.  The  globules  of 
human  milk  measure  in  diameter  from  "002  to  "005  mm.  j  those 
in  the  milk  of  the  cow,  from  -00062  to  -00039  inch  [-0016  to  -01 
mm.]  These  fat  globules  are  of  two  kinds.  By  tar  the  most 
nameroQS  are  evidently  drops  of  fluid  fat;  but  thei-e  are  occasion- 
ally to  be  seen  others  which  would  appear  to  consist  of  solid  &t, 
for  they  are  rougher  on  the  surface,  and  less  soluble  in  ether, 
characteristics  which  the^lose  on  warming,  becoming  like  liquid-fat 
globules.  In  human  milk,  and,  to  a  certain  extent,  in  cows'  milk, 
here  are  also  aa  normal  oonatituents,  but  in  sparse  quantity— 
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(1.)  Fatty  drops  having  a  half  moon-shaped,  finely  granular 
substance; 

(2.)  Clear  cells  enclosing  one  or  two  £Eitty  drops,  and  an 
eccentric  nucleus ; 

(3.)  Round  clear  bodies,  easily  coloured  by  eosin  and  picro- 
carmine.     These  last  Heidenhain  considers  to  be  free  nuclei.** 

In  the  colostrum,  or  milk  drawn  the  first  few  days  after 
parturition,  there  are  present  other  elements — viz.,  the  so- 
called  "  colostrum  cells."  Some  of  these  consist  of  a  number  of 
small  and  large  fat  globules,  held  together  by  a  hyaline  tissue  or 
membrane,  swelling  on  the  addition  of  acetic  acid  or  alkalies, 
and  only  slowly  coloured  by  aniline  red.  There  are  other 
granular  cells  coloured  at  once  by  the  same  reagent.  If  the  milk 
is  taken  fresh  and  warm,  and  a  minute  drop  examined  on  a 
Strecker's  warm  stage,t  and  kept  at  a  temperature  of  38°,  the 
corpuscles  will  exhibit  amoeboid  movements,  perfectly  similar  to 
those  which  have  been  noticed  in  the  white  corpuscles  of  the 
blood.  Indeed,  it  is  almost  certain  that  the  colostrum  cells 
are  no  other  than  the  white  corpuscles  of  the  blood,  infiltrated 
with  milk-fat,  for  Heidenhain,  having  injected  into  the  dorsal 
lymph  vessel  of  the  frog  a  cc.  of  fresh  milk,  after  48  hours  found 
the  white  corpuscles  loaded  with  milk-fat,  and  in  no  respect  dis- 
tinguishable from  colostrum.cells.  When  the  milk  has  undergone 
any  fermentation,  the  lactic  ferment  itself  may  be  identified, 
and  little  lumps  of  caseine  may  be  seen.  These  are  mostly 
irregular  and  amorphous,  but  sometimes  they  have  the  appearance 
of  flattened  cylinders,  and  other  shapes.  In  abnormal  milk  may 
be  detected  pus  or  blood,  or  sometimes  both.  If  the  pus  is 
derived  from  inflammations  within  the  mamm»,  and  has  been 
mixed  with  the  milk  before  milking,  the  pus  cells  become 
infiltrated  with  milk-fat,  and  are  difficult  to  distinguish  from 
colostrum  granules;  but  if  derived  from  ulcers  on  the  teats,  they 
have  the  usual  appearance  of  pus  cells.  The  pus  cells,  like  the 
colostrum  cells,  and  the  mucous  corpuscles,  are  all  different  forms 
of  white  blood-corpuscles  [leucocytes],  and  when  placed  on  the 
warm  stage  exhibit  amoeboid  movements.  Pus  cells,  as  usually 
observed,  are  spheroidal,  granular,  and  colourless,  measuring 
from  about  1-2500  to  l-3000th  of  an  inch  in  diameter.  On  treat- 
ment with  dilute  acetic  acid,  the  cell  clears  up,  and  shows  two, 
three,  or  four  nuclei.     Blood,  in  small  quantity,  gives  a  pinkish 

*  R.  Heidenhain :  "  Handbnch  der  Phyaiologie."  Herausgegeben  von  Dr. 
L.  Hermann.    Leipzig,  1880. 

i  In  de£»nlt  of  Strecker^s  stage,  a  plate  of  copper,  having  a  central  aperture 
and  a  thick  straight  wire,  some  inches  in  length,  may  be  used.  The  plate  is 
kept  at  the  deeirod  temperatare  through  heating  vie  wire  by  means  of  a 
spuit  lamp. 
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colour  to  milk ;  if  &  large  amount  be  present,  it  sinkB  to  the  bottom 
in  red  flocculont  masses,  which  soon,  from  being  deoxidised  by 
the  milk,  acquire  a  tint  varying  from  a  red  more  or  leas  dark,  to 
a  stinde  almost  black.  In  small  quantities  reliance  must  be 
placed  OD  the  microscopic  appearance  of  the  blood-diacs,  which 
arc  wholly  unlike  any  cell  found  in  normal  milk.  The  red  blood- 
discs  of  the  cow  are  like  those  of  the  haman  subject'— little 
circular,  biconcave,  flattened  discs,  measuring  on  an  average 
l-4000th  part  of  an  inch.  Human  blood-discs  have  aa  average 
diameter  of  1'3500  inch.  By  the  aid  of  the  micro-apectroscoi>e, 
the  abaorptioD -bands  may  also  be  seen.  These  are,  in  oxidised 
blood,  two  bands  betwefin  D  and  E,  the  one  dose  upon  the  red 
being  nwrower,  darker,  and  better  defined  than  the  one  nearer 
to  the  green ;  with  deoxidised  blood,  only  one  baud  is  seen, 
between  D  and  E.  Od  treating  the  blood  with  oxygen,  or  shaking 
it  up  with  air,  the  two  bands  re-apjyear.  In  "blue"  milks  a 
}>cculiar  fungus  has  been  discovered,  and  in  the  milk  froia 
animals  Buffering  from  foot-and-mouth  disease,  certain  special 
appearances  have  also  been  noted,  which  are  described  in  the 
section  treating  of  this  disease. 


II. — Analytical  Pbocesbes  hobe  pABTtcuLARLT  fob  the 

PUBPOSES  OF  TBE   FoOD-AnALTST. 

§  139.  The  early  attempts  at  the  analysis  of  milk  have  been 
already  detailed. 

One  of  the  £rat  accurate  proceeses  for  the  general  analysis 
of  milk  which  the  author  has  been  able  to  find,  was  published  in 
1853,  by  MM.  Vernois  and  A.  Beoquerel.* 

A  small  quantity  [30  grms.]  was  taken,  dried,  exhausted  with 
ether,  burnt  up  to  an  ash  ;  the  sugar  obtained  "A  mccharimilre  " 
from  the  whey,  the  cBseine  being  fii'st  separated  by  coagulation 
by  acetic  acid,  and  then  estimated  by  difference.  This  process 
was  certainly  capable  of  giving  very  fair  and  accurate  results, 
and  it  is  the  more  curious  to  note,  how  many  English  analysts, 
even  very  recently,  employed  erroneous  and  clumsy  methods. 

Mr.  Wanklyn,  by  his  work  on  milk  analyBis,t  revived  the 
more  accurate  method  of  using  comparatively  small  quantities 
for  analysis,  thus  avoiding  very  considerable  error,  from  the  risk 
of  large  quantities  decomposing  by  prolonged  heating.  He 
advocated  the  use  of  platinum  dishes,  and  supported  strongly  the 
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doctrine  of  the  &irly  constant  character  of  the  non-fatty  const!- 
tnents  of  milky  dividing  the  total  milk  solids  into  two  divisions  : 
the  one,  **  wi^^-/a<,"  the  other,  "solids  not  fat.** 

Whatever  modifications  have  been  since  introduced  in  the 
methods  for  the  analysis  of  milk,  the  general  process  is  still 
on  the  principles  advocated  by  Mr.  Wanklyn. 


A.  General  Analysis  of  Milk, 

§  140.  By  the  general  analysis  of  milk  is  meant  merely  separa- 
tion of  the  milk,  by  the  aid  of  solvents,  into  milk-fat,  solids  not 
fat,  and  ash.  Such  an  analysis  is  the  simplest  quantitative 
exercise  in  practical  chemistry,  and  might  profitably  be  given 
to  students  as  an  easy  and  pleasant  task  to  render  them  familiar 
with  ordinary  weighings  and  calculation. 

(a.)  Specific  Gravity, — The  specific  gravity  is  first  taken.  This 
may  be  done  with  fair  accuracy  by  an  hydrometer,  and  still  more 
correctly  by  a  WestphalFs  balance  (or  by  the  balance  described 
at  p.  70),  or  by  a  specific-gravity  bottle.  Bottles  holding 
exactly  50  grms.  of  water  at  15°  may  be  purchased.  The  bottle 
is  filled  with  the  milk,  first  brought  to  the  required  temperature, 
by  either  cooling  or  heating,  as  the  case  may  be,  and  weighed, 
and  the  specific  gravity  obtained  by  multiplying  by  *02 ;  or  if  a 
bottle  is  used  which  contains  no  simple  multiple  of  100  grms. 
of  water,  the  ordinary  equation  may  be  used, — 

Weight  of  water  :  1*000  :  :  weight  of  milk  :  specific  gravity. 

(6.)  Total  Solids, — The  specific  gravity  having  been  obtained, 
exactly  10  cc.  are  transferred  by  means  of  a  pipette  to  a  plati- 
num dish,  and  submitted  to  the  action  of  a  water-bath,  until 
the  contents  cease  to  lose  weight ;  this  usually  takes  from  two 
and  a  half  to  three  hours.  It  may  be  proved  by  direct  experi- 
ment, that  the  results  from  the  use  of  platinum  are  far  more 
constant  and  more  speedily  obtained  than  those  obtained  by  the 
use  of  porcelain  or  glass  evaporating  dishes.  The  author  has 
invariably  found  that  porcelain  gave  a  higher  result  than  plati- 
num, or,  in  other  words,  porcelain  is  more  favourable  to  the 
milkman.  When  the  residue  is  perfectly  dry,  it  is  at  once 
weighed,  and  the  results  expressed  in  percentage  by  weight. 
The  weight  of  the  10  cc.  is  known  from  the  specific  gravity 
already  taken.  Thus,  supposing  a  milk  of  1'032  specific  gravity 
to  give  a  total  residue  from  10  cc.  of  1*423  grm. :  since  the 
specific  gravity  has  shown  that  100  cc.  of  the  milk  weighed 
103*2  grms.,   it  follows  that   10  cc.   must  weigh  10*32  grms. 
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Hence,  10'32  grms.  have  yielded  a  residue  of  1'423  grmB.,  which 
IB  (calculating  only  to  the  first  decimal  place)  13'7  per  cent. 

(c.)  Extraction  of  MilA-Fal.—Oa  treating  this  dry  residue  by 
ether,  or  petroleum,  a  further  loss  will  be  perceived  when  the 
ether  is  ponred  off,  and  the  fat-free  residue  is  first  dried  aad  theo 
weighed  ;  and  this  toss  represents  the  milk-&t. 

{d.)  Extrtution  of  t}te  MUk-Sugar.^Oa  now  exhausting  this 
residue  by  weak  boiling  alcohol,  repeatedly  filtering  the  alco< 
holic  fluid,  and  evaporating  to  dryness,  ike  milk-sugar,  with 
miaeral  matters  dissolved  out  by  the  alcohol,  ia  obtained.  This 
evaporation  is  best  effected  in  a  plutinum  diah.  On  drying  very 
carefully,  weighing,  and  then  burning  the  sugar  away,  the  ash 
ia  left,  and  must  be  weighed  and  subtracted  from  the  original 
residue  of  milk-sugar  and  ash.  The  amount  of  sugar  is  thus 
obtained  with  fair  accuracy,  always  being  a  little  too  high. 

(e.)  Albumirwidt  aitd  jIw^, ^Lastly,  the  caseine,  albumen,  and 
insoluble  aah  left  from  these  operations  may  be  carefully  dried 
and  weighed,  and  then  burnt  to  an  ash.  This  ash,  subtracted  from 
the  total  weight,  gives  the  percentage  of  albuminoids,  while  the 
ash  from  this  operation,  added  to  the  amount  of  ash  from  the 
sugar  residue,  gives  the  "  total  mineral  constituents."  Thus,  in 
this  way,  it  is  quite  possible,  with  care,  to  make  an  accurate  and 
satiflfactory  general  analysis  of  milk  by  using  only  10  cc.  in 
practice,  however,  it  is  found  far  more  convenient  and  accurate 
to  take  two  or  three  separate  portions  for  the  analysis  :  for  ex- 
ample, 10  cc.  for  the  determination  of  "  total  solids  "  ami  ash  ; 
and  25  cc.  for  the  milk-fat. 

The  foregoing  is  a  brief  sketch  of  the  principles  of  the  proxi- 
mate analysis  of  a  sample  of  milk.  It  will  he  seen  that  by  the 
simple  use  of  heat,  and  the  application  of  solvents,  such  as 
alcohol  and  ether,  milk  is  divided  into  water,  milk-fat,  milk- 
sugar,  albuminoids,  and  mineral  matters.  It  is  necessary  now 
to  consider  more  in  detail  the  various  processes  which  have  been 
proposed  for  efleoting,  in  the  most  accurate  and  expeditious 
manner,  this  division. 

B.  Various  Methods  PropOBtd  f(yr  Extracting  tfie  Milk-Fal. 
(1.)  Solvents  fi^  Fat.—Tho  solvents  for  milk- fat  are  petroleum, 
ether,  or  bisulphide  of  carbon.  Of  these  the  latter  is,  all  things 
considered,  the  most  suitable,  since  it  has  no  solvent  action  on 
the  lactic  acid.  In  quite  fresh  milks,  however,  the  quantity  oi 
lactic  acid  is  so  small,  that  ether  may  be  used.  S5  to  oO  ca  of 
milk  are  evaporated  in  a  flat  dish  with  constant  stirring  and 
breakiDg-up  of  the  caseous  films  by  a  glass  rod,  until  the  whole 


{  110.]  XXAHIKATIOH  AXD  AHALTSia  OF  HILX.  333 

iiTodaoed  toaT&thei'ooanegraDuI&rpowder.  This  powder  nwj 
he  transferred  to  any  simple  apparatus  in  use  for  the  exhaustion 
of  substances  b;  volatile  solvents ;  aa,  for  example,  Soxhlet's, 
described  at  pt^  67. 

(2.)  SoaAUt'a  Proeeu.—V.  Boxblet*  is  the  author  of  a  veiy 
ingenious  procees  of  milk  analjsia  This  process  is  based  on  the 
fiict,  that  if  a  measured  quantity  of  milk,  allulised  by  caustic 
potash,  be  shaken  up  with  ether,  the  ether  fully  extracts  the 
milk-fat,  and,  on  standing,  collects  in  a  clear  layer.  A  small, 
quite  constant,  proportion  of  ether  remains  in  solution  in  the 
milk,  without  retaining  any  of  the  fat,  and  without  affecting  the 
result.  The  amount  of  the  fat  disBolved  in  the  ether  may  be 
determined  by  the  specific  gravity  of  the  ether  ;  the  higher  the 
specilic  gravity  the  greater  the  proportion  of  milk'&t.  The 
details  of  Soxhlet's  method  are  aa  follows  : 

The  apparatus  figured 
(see  fig.  26)  is  used.  C  is 
ameaauring  flask  of  300  cc. 
capacity,  provided  with  a 
doubly  perforated  cork, 
and  connected,  on  the  one 
hand,  with  the  caoutchouc 
elasticbulbsfigurediWhich 
are  furnished  with  suitable 
valves,  and,  on  the  other, 
with  the  tube  D,  which 
is  provided  with  a  water- 
jacket.  This  tube  carries 
an  areometer,  £,  which 
bears  a  delicate  scale  of 
from  -766  to  -743,  and  it 
has  also  a  thermometer, 
divided  into  thirds  of  a 
degree.  200  cc.  of  milk 
are  measured  by  means 
of  a  pipette,  and  run  into 
the  flask  ;  10  cc.  of  potash 
and  60  cc.  of  ether,  which 
has  been  saturated  with  J 
water  at  from  16^-5  to  | 
18''fi,  are  then  added,  and 
the  whole  shaken   up  in  Fig;  26. 

the  properly  closed  flask 
for  a  quarter  of  an  hour.     The  fluid  is  then  allowod  to  x«'^caft'aL'a^j& 


234  foods:  theie  compositiob  and  analysib.         [§  HI, 

tlie  ether  rises  in  a  clear  layer  to  tlie  surface.  By  gently  working 
tlie  caoutchouc  bulbs,  a  sufficient  quantity  of  the  fat-laden  ethor 
may  now  be  blown  up  into  the  tube  D,  to  float  the  areometer. 
(It  slioiild  be  mentioned  that  the  tube  going  through  the  perfo- 
rated cork  of  C,  is  bo  arranged  ah  to  dip  well  into  the  ether,  bat 
does  not  touch  the  surface  of  the  milk.)  The  areometer  must  float 
freely,  and  for  this  purpose  there  are  little  prominences  on  the 
inside  of  D,  about  the  middle,  for  the  purpose  of  keeping  the 
in.strumeiit  from  adhering  to  the  side.  When  Eufficient  ether 
has  thus  been  blown  up,  it  is  retained  by  a  pinch-cock,  and  a 
cork  is  fitted  into  the  tube  D,  to  prevent  loss  by  evaporation. 
The  water  in  the  jacket  must  be  of  any  temperature  between 
16''5  and  18''-5.  The  specific  gravity  once  in  this  way  obtained, 
and  the  temperature  of  the  areometer  noted,  the  content  in  fat 
of  the  milk  is  determined  by  the  annexed  table. 

If  the  temperature  is  exactly  IT^'S,  then  no  correction  is 
required;  but  if  it  is  above  that  temperature,  for  every  degree, 
IX  degree  must  be  added  to  the  gravity  ;  if  below,  for  every 
degree,  a  degree  must  be  subtracted.  Thus,  auppoaing  the  areo- 
meter marks  58'9  at  16°-8,  then,  as  the  difference  between  1S°'8 
and  17°-6  is  -7,  subtract  -7  from  58-9,  equalling  582  ;  or  if  the 
observation  be  47-6  at  18°'4,  then  the  corrected  value  is  48-5 
(i.e.,  speciflc  gravity  -74850). 

Afterwards  the  ether  is  allowed  to  run  back  into  the  flask, 
and  D  is  washed  out  with  a  little  ether.  The  author  thinks 
that  the  apparatus  might  be  improved  by  adapting  the  prin- 
ciples used  in  the  tube  figured  at  p.  C9,  and  floating  the  ether 
layer  by  means  of  mercury. 

(3.)  £xtracHon  by  Etlter  acting  on  Alkaline  MUk. — The  author 
has  recently  made  some  determinations  of  milk-fat  by  shaking 
up  milk  made  very  alkaline  by  soda,  in  a  graduated  tub« 
like  the  one  proposed  at  p.  69.  By  now  expelling  by  means 
of  the  mercury  reservoir  a  known  bulk  of  the  ether,  and  dry- 
ing it  up,  the  fat  is  estimated  with  great  rapidity.  According  to 
test-experiments  the  percentage  of  fat  obtained  is  the  same 
as  that  by  exhaustion  methods  —to  the  first  decimal  place  :  hence, 
though  not  suitable  for  exact  scientific  inquiry,  it  will  be  found 
sufficiently  accurate  for  all  technical  purposes. 


G.   Fariaus  other  Methods  of  Milk  Anaiyna. 

§  141.  There  are  other  methods  of  analysing  milk  :— 
(1.)  Drying  in  a   Vaeaam. — The  author  finds  that  by  putting 
6  oc.  of  mUk  in  k  small  strong  flask,  and  connecting  this  flask  with 
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N.B.  The  Dunil'crFi  in  the  ipedfic  cniTity  colntno  cort«tpond  to  tbcNe 
on  tha  kreometer  scale,  the  number  7  being  omitted  on  mooonnt  of  the 
luuTownew  ofthestemof  theuutmniont :  thna  4S  nally  metuia  746(L  and 
MOB  with  thaiMt 


wliicli  acotic  acid  lias  been  added.  On  p 
alliumen  ]>y  Itoilintc,  tlie  latter  may  be  colk 
filter,  dried,  and  weighed.  On  evaporation 
soluble  ash,  the  milk-sugar,  and  the  bodies  d 
are  left ;  on  ignition,  the  difference  of  weigl 
gives  verj  nearly  the  amount  of  sugar.  Las 
insoluble  ash  are  obtained  from  the  portio 
insoluble  in  cold  water. 

(2.)  Direct  Determination  of  the  Wetter. — L 
water  is  inferred  from  the  loss ;  it  may,  howe 
necessary  to  estimate  it  directly.  This  can 
follows :— 5  cc  of  milk  are  placed  in  a  sma 
tubing  is  sealed  at  one  end,  and  graduated 
only  be  necessary  to  mark  it  at  4*5  and 
it,  between  these  numbers,  into  lOths.  The 
twice  at  right  angles,  and  connected  by  a  cao^ 
flask;  another  narrow  tube  goes  to  the  n 
flask  is  now  exhausted  of  air ;  and  by  apply 
connecting  tube,  the  tube  is  drawn  out  am 
plunging  the  limb  of  the  graduated  sealed  tul 
and  gently  warming  the  flask,  the  milk  boi 
condensed  in  the  limb,  and  the  amount  can 
inspection.  A  somewhat  similar  method  of  a: 
special  apparatus,  has  been  recently  patented 
Petri  and  R.  Muencke.* 

(3.)  Absorption  of    Water   by  Dehydrating 

method  for  the  ireneral   analvaia  of  milV    f*f\r\ 
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twenty  times  its  Tolume,  and  adds  a  solution  of  copper  acetate, 
10  cc.  =  -0096  CuO  [or  copper  sulphate,  10  ca  =  -2  CuO].  A 
sufficient  solution  of  KHO  or  NanO  must  also  be  added,  to 
prevent  the  separation  of  basic  salt.  On  filtration,  a  filtrate 
separates  containing  no  copper,  and  may  be  used  for  the  estima- 
tion of  sugar  by  Fehling's  solution ;  the  precipitate  is  dried  and 
exhausted  of  fat,  and  ultimately  ignited.  This  method  has  not 
come  into  general  use,  and  is,  on  the  whole,  not  to  be  recom- 
mended. 

(5.)  MaJMB  Process, — Alexander  Miiller*  is  the  author  of  a 

method  of  milk  analysis  which  is  ingenious,  but  it  is  difficult  to 

see  in  what  way  it  is  superior  to  other  processes  more  used,  either 

in  precision  or  accuracy.    He  uses  small  flasks,  the  weight  of 

which  must  not  exceed   25  grms.,   which  .will  hold  when  full 

about  60  to  65  cc.     In  one  of  these  small  flasks  6  cc.  of  the  milk 

are  put  and  weighed ;  exactly  50  cc.  of  a  mixture  of  1  volume 

absolute  alcohol  and  3  volumes  ether  are  now  added,  with  special 

precautions  to  prevent  loss  by   evaporation.     The  solvent  is 

allowed  to  act  for  twenty-four  hours.     The  precipitate  by  this 

time  has  separated  completely,  and  it  is  possible  to  isolate  the 

alcohol-ether  contents  without  filtration.     The  next  process  is 

to  obtain  exactly  50  cc.  of  the  liquid  without  loss  and  without 

the  precipitate.     This  is  efiected   by  connecting  the  digestion 

flask  by  means  of  a  bent  tube  with  a  flask  which  is  marked  for 

50  ca  on  the  neck.     This  last  flask  has  a  double  bored  cork,  one 

carrying  the  connecting  tube,  the  other  a  tube  for  the  purposes 

of  suction;  and  the  ether-alcohol  is  carefully  sucked  over  to 

the  mark,  gently  inclining  the  digestion  flask,  <&c.    Lest  the 

incoming  air  should  carry  away  any  of  the  alcohol-ether,  it  (the 

air)  ia  made  to  pass  first  through  a  few  cc.  of  ether  in  a  third 

flask.     The  50  cc.  are  evaporated  to  dryness,  and  contain  fat, 

with  a  little  milk-sugar  and  a  little  common  salt.     For  technical 

purposes,  a  correction  constant  is  made  for  these  impurities  of 

about  one-quarter  per  cent. ;  while  for  scientific  purposes,  the 

fat  is  taken  up  again  by  means  of  petroleum  ether.      The 

residue  in  the  digestion  flask  contains  nearly  all  the  milk-sugar, 

the  mineral  constituents,  and  the  albuminoids;  it  is  dried  and 

weighed  in  the  usual  way.     The  fat  from  the  one  flask  and  the 

solids  from  the  other,  when  added  together,  equal  the  total  solids. 

Miiller  calculates  the  caseine  by  determining  the  nitrogen,  and 

obtains  the  ash  by  acidulating  6  cc.  with  a  little  nitric  acid, 

Zuoker  yerachiedenes  Kohlenhydrate  in  der  Kuhmilch,*'  von.  K.  Bi^\ttffiiiWi% 
JoumtU/fkr  Prak,  Okemk,  16,  p.  329,  1877. 
*  ZeilscAri^/Ur  Analytuche  Chemie^  xx.  189. 


J  ^^'c>  ^'"^  o^iius,  LJiu  amount  ot  tat  can  be 


following  formula — 

X  =  fat, 

$  =  specific  gravity, 

<= total  solids, 

1 +  (<- x)  0-00375  -  «=a:  .O'OO 
l+<  0-00875 -«=x.  -00475 

_<. -00375+1 -s 
*"        -00475 

For  the  sake  of  expedition  they  only  evapon 


then 

therefore 

therefore 


Summary  of  the  Proceatea/or  the  Technical 

already  deecribed. 

'  What  particular  procedure  an  analyst  ms 
a  knowledge  of  the  general  composition  of 
depend  upon  the  purposes  for  which  the  a: 
'Where  a  large  number  of  milks  are  analy 
scarcely  any  more  convenient  and  trustwort! 
have  one  or  two  dozen  little  platinum  dishef 
into  a  suitable  water-bath,  and  take  the  **  tc 
in  these  dishes,  while  the  fat  is  extracted  fr< 
by  carbon  disulphide  in  «.  SnvVii«»**a  «« ^ 
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oesses  enumerated  at  pp.  234-238  more  suitable.  If,  for  example, 
there  should  be  a  dispute  about  the  actual  amount  of  water 
in  a  certain  milk,  it  will  be  more  satisfactory  to  estimate  the 
water  by  distilling  it  over  in  a  vacuum,  than  to  determine 
it  solely  by  the  loss. 

Again,  if  it  should  be  desired  to  gain  rapidly  some  approxi- 
mate idea  of  the  quantity  of  fat  and  total  solids  in  milk,  a 
careful  determination  of  the  specific  gravity,  and  determination  of 
the  fat  by  some  of  the  processes  at  pp.  233,  234,  have  no  smsJl 
advantages  where  time  is  an  object.  The  analyst  has,  indeed,  a 
great  variety  of  processes  to  choose  from ;  those  detailed  may 
be  modified  in  many  ways ;  they  cannot  be  pronounced  of  equal 
value  or  of  equal  accuracy ;  but  each  possesses  certain  advantages 
and  certain  claims — in  this,  as  in  most  other  things,  ''  the  fittest 
survives,''  and  is  adopted. 


IIL  Special  Details  as  to  the  More  Exhaustive  and 

Scientific  Analysis  of  Milk. 

§  142.  (1.)  AncUffsts  of  the  Milk-Fat  and  Examination  of  the 
EUiereal  Extract  of  Milk. — The  milk-fat  is  seldom  analysed,  save 
when  met  with  in  commerce  as  butter.  Tet,  in  the  complete 
examination  of  milks  suspected  to  be  abnormal,  it  is  of  some 
importance  to  examine  the  ethereal  extract  as  thoroughly  as 
possible.  The  ethereal  extract  should  be  tested  for  nitrogenous 
substances,  for  phosphorous  compounds,  and  for  cholesterine, 
and  finally  saponified,  and  the  volatile  acids  at  least  estimated. 
Nitrogenous  matters  may  be  assumed  to  be  absent  if,  on  boiling 
the  fat  with  a  strong  alkaline  lye  (proved  to  be  ammonia-free) 
and  distilling,  an  alkaline  distillate  is  not  obtained. 

Phosphorus  may  be  tested  for  by  burning  up  the  fat 
intimately  mixed  with  a  mixture  of  carbonate  and  nitrate 
of  soda,  dissolving  the  ash,  acidifying  with  nitric  add,  and 
testing  with  molybdate  of  ammonia.  Any  precipitate  which 
occurs  is  allowed  to  stand  for  twelve  hours,  and  is  then  filtered 
ofi*,  dissolved  in  dilute  ammonia,  and  precipitated  by  the  ordinary 
magnesia  mixture.  Thus,  the  experiment  may  be  made  quantita- 
tive as  well  as  qualitative,  for  the  ammonio- magnesia  phosphate 
may  be  dried,  ignited,  and  weighed.  The  further  analysis  of 
the  milk-fat  is  described  in  the  article  on  **  Butter." 

Cholesterine, — Cholesterine  is  found   in    many  fluids  of  the 
body,  and  is  a  constant  constituent  of  pus.     It  is  occasionally 
present  in  milk.     Cholesterine,  if  present  in  mUk,  wiX\.\m  ^omtA 
in  the  ether  extract     The  ether  having  been  d\&\iVV\»9i  o%^^<^ 


melting  point  is  lower  than  this.     It  is   i 
concentrated  alkaline  solutions,  and  in  dil 
concentrated    sulphuric   acid,  added  to  a 
little  iodine,  causes  a  play  of  colours,  pas 
into  green,  and  lastly  rod. 

§  143.    (2.]   Bxbractum  of  the  MUkSug 
freed   from  mt  are  first  treated   with    s 
renders  the  albumen  insoluble,  then  a  little 
the  liquid,  now  in  effect  weak  aloohol,  boil< 
This  is  filtered,  and  the  process  repeated 
to  20  cc.  of  milk  is  the  quantity  originall] 
filtrate  should  be  at  least  70  to  100  cc.    Tl 
to  dryness  on  the  water  bath,  weighed,  and 
loss  on  ignition  represents  the  milk-sugai 
galactine,  some  lactochrome,  and  the  sulMti 
tannin.       The  solvent  processes  given  art 
purposes ;  but  when  scientific  accuracy  is  i 
estimate  by  copper  suboxide.     Thus,  25  cq 
with  400  ca  water,  and  then,  to  get  rid  of  the 
treated  with  10  ca  of  a  solution  of  coppc 
69-28  crystallised  GuSO^  per  litre);  6-5  to  7 
potash  is  added  (the  solution  must  be  so  pro 
that  1  voL  of  the  alkaline  solution  will  exac 
of  the  copper  solution).      After  this  addi' 
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TABLE  XV. 


Weight  of  Ooppar. 

lfiIk*«ogw. 

100  iMirts  of  Mflk-ragar. 
Precipitate  of  C<n>per 
Oxide.     . 

Bedacttoa  Batia 

MgrnuL 
392-7 

HgmiB. 
300 

130-9 

1:7-43 

363-6 

276 

132  2 

1:7-50 

333*0 

250 

133-2 

1:7-56 

300-8 

225 

133-7 

1 :  7-69 

269-6 

200 

134-8 

1:7-65 

237-5 

176 

135-7 

1 :  7-70 

204O 

150 

136-0 

1 : 7-72 

171-4 

125 

1371 

1:778 

138*3 

100 

138-3 

1:7*85 

§  144.  (3.)  The  Ash. — The  ash  is  estimated  in  a  quantity  of 
milk,  which  should  not  exceed  25  cc.  It  will  be  found  that 
larger  quantities  do  not  at  all  conduce  to  accuracy,  as  the  large 
amount  of  carbon,  with  even  great  care,  develops  too  much  heat, 
and  the  phosphates  are  liable  to  fuse,  enclosing  little  particles 
of  charcoal  extremely  difficult  to  bum.  With  small  quantities, 
however,  the  milk  rapidly  bums  to  an  almost  white  ash.  It 
may  be  further  analysed  on  the  principles  laid  down  at  p.  97. 

§  145.  (4.)  EaiinuUion  of  Alburtien, — This  is  most  rapidly  done 
when  the  milk  solids  are  dried  in  a  vacuum,  as  described  at 
p.  234,  then  the  albumen  may  be  dissolved  out  by  the  aid  of 
cold  water,  acidulated  by  acetic  acid.  If  this  process  is  not 
adopted,  the  following  may  be  used: — 100  cc.  of  milk  are  divided 
into  three  equal  portions.  One  of  these  portions  is  diluted  to 
about  four  times  its  volume,  and  acidified  with  dilute  acetic  acid 
until  the  caseine  coagulates  in  a  flocculent  condition  ;  a  current 
of  carbon  dioxide  is  now  passed  through,  and  the  precipitate 
allowed  to  subside.  The  whey  is  then  carefully  syphoned  off  on 
to  the  second  portion  of  the  milk ;  more  acid,  if  necessary,  is 
added ;  the  same  operation  repeated ;  and  this  second  whey 
similarly  added  to  the  third  portion  of  milk.  Finally,  the  whole 
of  the  caseine  is  collected  on  a  filter,  and  washed.  The  result  of 
the  process  is,  that  the  albumen  from  100  cc.  of  milk  is  held 
in  solution  in  about  250  to  300  cc.  This  solution  is  now  raised 
to  the  boiling  point,  and  gently  boiled  for  a  few  minutes.  The 
whole  of  the  albumen  falls  down,  and  is  easily  collected  on  a 
previously  dried  and  weighed  filter.  This  easy  separation  of  the 
caseine  and  albumen  by  acetic  acid  and  carbon  dioxide  only 
applies  to  the  milk  of  the  cud-chewers ;  witli  \iuTDAai  xnVfis.^  V&^ 
inilk  of  the  hone  or  of  the  aas,  the  prooeaa  sivm  ho  ttOQ*^  x^nra^X  \ 

VI 
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when  treated  in  the  same  way,  it  is  true  that  the  caseine 
appears  to  cotigulate,  but  it  is  in  a  Btat«  of  such  fine  division  that 
nearly  all  of  it  remains  suspended  in  the  liquid,  and  filtration 
through  pnper  beccmes  impossible.  From  all  these  a  clear 
filtrate  may,  however,  bo  obtained  by  filtralioa  under  pressure 
through  a  porous  celL  The  method  for  this  purpose  used  by  the 
author  is  to  take  an  ordinary  cylindrical,  porous  earthenware 
cell,  such  as  are  sold  for  galvanic  batteries;  to  stopper  it  with  an 
accurately -fitting  caoutchouc  plug,  perforated  in  the  centre;  und 
then,  by  means  of  an  angle  tube  and  cAoutchouo-presBure  tubing, 
to  attach  it  to  the  mercury  pump.  The  milk  is  dil[ited,acidified 
with  acetic  acid,  and  saturated  with  carbon  dioxide  as  before; 
the  cell  is  then  totally  immersed  in  the  dilute  acid  milk,  which 
for  this  purpose  is  placed  in  a  tall  beaker;  a  good  vacuum  is 
maintained,  and  ultimately  the  whole  of  the  whey  passes  through, 
and  the  caseino  may  be  washed  two  or  three  times  with  water. 
Besides  this  very  convenient  method,  there  are  many  substances 
which  will  carry  down  the  precipitated  caseine  mechanically  ; 
thus,  the  author  hti.'*  found  that  a  solution  of  phosphate  of  lime  in 
acetic  acid  may  be  added  to  the  aeld  milk ;  when,  on  cautiously 
neutralising  with  ammonia,  the  earthy  precipitate  cleus  the 
liquid  by  its  mechaaical  action. 

§  146.  (5.)  Isolation  of  Galactine. — AUtreofmilkistheBmalleet 
quantity  which  can  be  taken  for  the  isolation  of  galactine^  As  in 
the  previous  operation,  100  co.  of  milk  are  greatly  diluted,  the 
caseine  coagulated,  and  the  whey  separated  by  subsidence.  This 
whey  is  used  for  the  precipitation  of  a  second  portion,  and  the 
same  whey  from  the  second  portion  for  the  precipitation  of  a 
third,  and  so  on.  By  this  meana  it  is  possible  to  obtain  the 
whey  from  a  litre  of  milk  in  a  form  not  too  dilute.  The  albumen 
may  be  separated  &om  time  to  time  in  the  different  fractions,  or 
in  one  concluding  operation  ;  lastly,  the  caseine  must  be  collected 
and  well  boiled,  and  the  liquid  separated  from  it  by  filtration  and 
stroi^  pressure.  A  solution  of  nitrate  of  mercury  is  now  added, 
and  decomposed  by  hydrogen  sulphide,  and  the  filtrate  pre- 
cipitated by  lead  acetate.  The  amount  of  galactine  may  be 
estimated  from  the  weight  of  the  lead  oxide  left  on  ignition  of 
the  lead  compound,  for  it  will  be  found  that  the  complete  drying 
of  the  lead-galactine  is  tedioua 

§  147.  (6.)  Isolation  of  the  PrinapUs  PreeipittUed  by  Tannin.— 
The  whey,  now  freed  from  caseine,  albumen,  galactine,  and 
Gfdonring-matter,  but  containing  mercury  nitrate,  must  be  made 
alkaline,  the  precipitate  filtered  off,  the  liquid  saturated  with 
b^drogeo  snlptiide,  any  precipitate  a^in  filtered  off,  the  liquid 
oonoaatnted  to  »  smaU  Wlk.  wid  com-^'Ve^f^-s  ^'i^rl^i^w.^aA.  '«it)i 
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tftTinin.    The  tannin  precipitate  is  decomposed  as  before  described, 
p.  213. 

§  148.  (7.)  BattmoHon  of  Urea, — ^The  estimation  of  urea  is  of 
some  importance,  since  any  disorder  interfering  with  the  action 
of  the  kidneys  throws  (as  has  been  well  ascertained)  an  excess  of 
urea  on  all  the  secretions  of  the  body.  A  known  quantity  of 
milk,  which  should  not  be  less  than  half  a  litre,  is  evaporated  with 
constant  stirring  in  very  large  flat  dishes  to  a  granular  condition. 
The  fat  is  next  extracted  by  dry  ether,  and  from  the  fat-free  , 
solids  the  urea  is  extracted  with  other  substances  by  boiling 
alcohol.  The  alcoholic  solution  is  evaporated  to  dryness;  and 
from  this  dry  residue  absolute  alcohol  will  extract  the  urea  nearly 
pure.  A  litre  of  milk  in  its  normal  state  yields  about  IQ  mgrms. 
Urea  must  be  identified  by  its  properties  as  follows  : — 

It  is  crystalline,  crystallising  in  quadratic  prisms,  and  polar- 
ising with  a  gentle  blue  colour  under  the  microscopa  The  crystals 
should  be  heated  with  a  little  hydrate  of  baryta  in  a  closed  tube 
to  200''  for  some  hours,  when  a  very  definite  reaction  ensues, 
ammonia  and  carbon  dioxide  being  produced.  The  liquid  may 
be  distilled,  and  aramouia  identified  by  the  Nessler  test  Car- 
bonate of  baryta  will  appear  as  a  precipitate,  and  may  be  readily 
examined,  converted  into  sulphate,  and  weighed ;  1  part  <^ 
barium  sulphate  =  *2574  urea.  A  convenient  method  of  identify- 
ing urea  is  also  to  dissolve  the  crystals  in  the  smallest  possih^e 
quantity  of  water,  and  then  to  add  a  drop  of  dilute  nitric  acid  ;. 
the  nitrate  of  urea  is  precipitated,  and  can  be  identified  by 
its  microscopic  characters.  Nitrate  of  urea  crystallises  on  the 
rhombic  system.  The  most  common  appearance  is  that  of  large 
plates,  many  of  which  lie  one  upon  the  other. 

§  149.  (8.)  Estiination  of  Alcohol, — A  litre  of  milk,  which,  if 
acid,  must  be  neutralised,  is  placed  in  a  specially  constructed, 
non-tubulated,  very  capacious  retort,  provided  with  a  tube  a 
metre  in  length.  This  tube  is  surrounded  by  a  water  jacket, 
through  which  a  continuous  stream  of  cold  water  runs.  The 
retort  tube  is  pushed  through  a  strong  india-rubber  stopper, 
and  connected  with  a  small  flask  holding  about  200  ca,  and 
immersed  in  ice  and  salt.  The  india-rubber  stopper,  by  the 
aid  of  a  second  perforation,  carries  a  piece  of  angle  tubing, 
by  which  it  may  be  connected  with  the  mercury  pump  (fig. 
7),  or,  where  available,  with  the  ordinary  water  pump  so 
common  in  laboratories.  The  milk  is  now  cautiously  raised 
to  the  boiling  point,  and  100  to  150  cc.  distilled  over.  This 
distillate  is  redistilled,  in  the  ordinary  way,  about  ou^-^vd^. 
All  the  alcohol  ia  now  in  a  very  small  comi^aaia)  %I3A  V^i^ 
diatDlate  should  be  placed  in  a  Btrong  assay  ftasfis.,  aisA.  '^^- 


..v.»v*  IX.  v/t7taiutni  in  tJie  distillate,  and  ma 
titration  with  a  volumetric  solution  of  sn 
alcohol  to  which  the  acetic  acid  found  is  eqi 
by  the  aid  of  the  following  table  : — 

Aoetio  Add. 

1 

2, 

3, 

4 

5 

«. 

7. 

8. 

9. 

10, 

The  amount  of  alcohol  is  seldom  of  any  gr 
may  be  considered  only  of  pure  scientific  int< 

§  150.  (9.)  FoUuUe  uicu/*.— -Volatile  acids 
exactly  the  same  way — viz.,  by  careful  distii 
first  acidifying  the  milk  by  tartaric  acid, 
quantities  is  invariably  present  in  fermented 
tillate  of  norDial,  quite  fresh  milk  is  neutral 
undergoing  decomposition,  it  is  best  to  dilut 
and  filter  through  an  earthenware  cell,  and  i 
these  circumstances,  it  is  not  necessary  to  dii 

§  151.  (10.)  Estimation  of  the  Total  Acidii 
don  of  Lactic  Acid, — The  total  acidity  of  milk : 
estimated  by  adding  14  grms.  of  chloride  of 
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the  milk  of  fat  and  lactic  acid  by  ether,  then  taking  another 
portion  and  exhausting  it  by  carbon  disulphide,  when  the 
difference  between  the  two  determinations  represents  the  lactic 
acid.  A  more  accurate  method  is  as  follows  : — The  milk  is  dried, 
exhausted  of  fat  by  carbon  disulphide,  then  treated  with  an  alco- 
holic solution  of  oxalic  acid,  filtered,  and  an  excess  of  hydrated 
oxide  of  lead  added.  Any  lactic  acid  now  contained  in  the  fluid 
will  be  present  in  solution  as  a  lactate  of  lead.  Hydrogen  sul- 
phide is  next  passed  to  saturation  into  the  liquid,  which  is  then 
filtered,  concentrated  by  evaporation,  and  boiled  with  oxide  of 
zinc ;  on  filtration,  evaporation,  and  standing,  crystals  of  lactate 
of  zinc  are  produced.  There  are  four  isomeric  lactic  acids  ;  that 
which  is  obtained  from  milk  is  fermentation  lactic  acid,  also 
termed  ''  ethylene  lactic  acid."  The  zine  salt  has  the  composi- 
tion 2(C3H503)Zn  +  3H2O.  It  crystallises  in  four-sided  prisms ; 
it  is  soluble  in  6  parts  of  boiling,  58  of  cold  water.  It  is  nearly 
insoluble  in  hot  or  cold  alcohol.  100  parts  of  the  salt  contain 
25*8  of  zinc  oxide.  Lactic  acid  itself  may  be  obtained  in  a  very 
pure  state  by  decomposing  the  zinc-salt  with  hydrogen  sulphide, 
when  the  acid  presents  itself  as  a  colourless,  strongly  acid  liquid. 
A  drop  of  this  acid,  placed  in  the  author's  subliming  cell  (described 
in  the  second  volume  of  this  work),  and  heated  very  gradually 
above  200*^,  gives  a  white  sublimate  of  lactide,  CjU^O^t  a  very 
characteristic  reaction.  If  the  heat  is  not  gradual,  this  sublimate 
is  not  obtained,  for  it  then  decomposes  into  carbon  dioxide  and 
aldehyde. 

§  152.  (11.)  Detection  of  Metals  in  MWc — The  detection  of  the 
minute  quantities  of  heavy  metals  which  may  occur  in  milk  in 
cases,  where,  for  the  pjiirpose  of  experiment,  salts  of  the  metals 
have  been  administered  to  animals  or  women,  is  best  conducted 
by  electrolysis,  supplemented  by  the  spectroscope.  One  of  the 
best  ways  to  do  this  is  the  method  proposed  by  Dr.  Reynolds.* 
Four  to  six  rather  stout  platinum  wires,  half  an  inch  in  length, 
are  made  into  a  bundle  by  binding  with  thin  platinum  wire,  and 
secured  by  cotton  wool  into  the  throat  of  the  stem  of  a  funnel  so 
tightly,  that  water  placed  in  the  funnel  filters  through  in  single 
drop&  The  milk,  previously  acidified  with  nitric  acid,  and 
filtered,  is  placed  in  the  funnel,  and  a  platinum  wire,  connected 
with  one  pole  of  a  battery,  inserted  in  the  funnel,  so  as  to  be 
about  half  an  inch  distant  from  the  bundle  of  wire.  This  bundle 
is  connected  with  the  zinc  terminal  of  the  battery — a  single 
Grove's  cell  is  sufBcient — and  the  current  is  allowed  to  pass  until 
the  whole  has  filtered  through.     A  very  decided  metallic  de^^ofii^ 

*  IrUk  HotpUal  OazeUe,  1873.    See  also  '« The  Spectrckiooi^  m^<o^<^a<' 
tgr  0.  A  Mtumnnn,  RA.,  M.D.    London,  1880. 
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lufiy  bo  recognised,  and  examined  by  ordinary  analysis;  bat  should 
the  deposit  be  scanty  or  indistinct,  two  of  tbe  siiort  wires  are 
connected  with  a  HiihmkoS's  coil  attached  to  a  sufficiently 
jKiwerful  battery.  The  wires  are  so  adjusted  opposite  each 
other  as  to  leave  a  very  short  interval  between  their  points,  and 
the  succession  of  sparks  allowe<l  to  stream  between  them  is 
observed  by  the  spectroscope.  In  this  way  the  spark  spectra 
of  the  metals  arsenic,  antimony,  mercury,  copper,  and  le»d,  are 
easily  obtained,  and  may  be  identified.' 


THE  MILK  SBCRETED  Br  TBE  USBEALTHY. 

§  153.  The  author  has  devoted  considerable  time  to  the 
iimuiry, — is  it  possible,  by  scientific  examination,  to  diseover 
wliether  a  particular  sample  of  milk  has  been  derived  from  the 
healthy  or  from  tbe  unhealthy  I  Tbe  result  of  the  analyses  and 
cases  shortly  to  be  quoted  shows, — (1.)  That  in  the  case  of  the 
cow,  in  certain  diseases  only,  the  milk  constantly  deviates  from  the 
normal  standard;  (2.)  that  the  most  marked  changes  are  found 
in  local  diseaaet  of  the  vdder  or  mammary  glands;  (3.)  that  the 
animal  may  be  labouring  under  a  mast  mortal  and  virulent 
malady,  and  yet  secrete  milk  which,  although  differing  from  the 
same  milk  secreted  by  the  same  animal  when  in  health,  yet, 
considered  in  itself,  in  no  way  chemically  differs  from  healthy 
milk ;  (4.)  that  it  is  only  by  biological  methods  of  experiment 
that  such  diseased  milk  can  be  detected.  These  remarks  apply 
only  to  the  eompontion  of  the  milk ;  but  if  we  also  regard  the 
quantity  seci'cted,  then  there  is  in  all  cases  a  remarkable  differ- 
ence, for  whenever  an  animal  suffers  from  a  sufficient  amount 
of  disease  to  affect  its  health  materially,  the  diminution  in  the 
total  quantity  of  milk  is  almost  invariable. 

I.  Human  Milk. 


tecretion  Ja  lo  depeoHent  on  meotal  inflaencea,  that  ita  cumpoaitinD  ajipean 
reftdilj  aSected.  Vagal  gives  the  following  anaJyai*  of  milk  derived  Irom  a 
woman  anSering  from  hyatena,,  the  tample  being  takm  directly  after  the 

attack— 

*  BtferenceDiaybeiiiBdstoBoiaheaiidran'a  "Spectres  Lnmineax."  Parit, 
1874.  A  aimple  method  of  obtaining  the  wave  lanoth  valne  of  any  apeetro- 
•oopa  acaJe  haa  been  already  givBH  in  ^u^«l«oai^  "SpeotroMope  inUie 
It  TOlmn^  p.  77  rt  •eq. 
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Mi]k-&t» *514 

Caaeiiie, 5*000 

Sagar, 8-492 

Ash, 1*010 

Water, 89*984 

Specific  gravity, 1*032 

Deveiix*  fonnd  the  milk  of  a  woman  who  snffered  from  nervoos  attacks, 
when  taken  in  the  seizare,  to  be  a  transparent  viscid  secretion  like  albnmen. 
J.  P.  Stmoof  examined  the  milk  of  a  woman  who  was  snfferinfj^  from  tiie 
eflfocts  of  passion.  The  secretion  was  apparently  the  cause  of  violent  oon- 
vtilsions  and  diarrhoeia  in  an  infant.  The  mUk  was  acid,  and  bad  acquired  a 
pecnliAT  odour,  and  after  a  little  time  developed  hydrogen  sulphide ;  or,  in 
other  words,  the  milk  had  commenced  to  undergo  lactic  acid  ana  putrefactive 
ehan^  in  the  breast  itself  Local  affections  of  the  breast,  as  might  be 
anticipated,  interfere  with  the  healthy  action  of  the  milk-pxoduoing  oalls. 
For  example,  Schlossberger  gives  the  following  as  the  composition  of  a  sample 
of  milk  taken  from  a  woman  whose  breast  was  considerably  enlarged ;  the 
fluid  was  white  and  thick,  and  without  odour,  specific  gravity,  *98  te  *99 

at  W:- 

Per  oent. 

Fatty  matter, 8*54 

Lactme  and  extractives,        ....  *75 

Caseine,         . 874 

The  &t  fused'  at  33''  and  solidified'  at  26''. 


II.  Cows'  Milk. 

§  155.  Aphlhaua  Fever.  — One  of  the  few  affections  in  which  it 
is  possible  for  the  investigator  to  discover  an  abnormal  condition 
of  the  milk,  and  even  from  the  appearance  of  the  fluid  to  know 
what  particular  malady  the  cow  is  suffering  from,  is  "/oo^onJ- 
mouth  disease"  or  " aphthous  fever'*  This  is  a  febrile,  highly 
infectious  disease,  which  has  caused  of  late  great  ravages  among 
our  herds  \  its  most  obvious  signs  are  ulcers  on  the  mouth,  feet, 
and  teats.  Unless  the  fever  is  high,  the  milk  is  secreted  during 
the  whole  course  of  the  disease.  It  presents  different  (one  might 
almost  say,  opposite)  appearances  in  different  cases;  in  those 
where  there  are  ulcers  on  the  teat,  either  externally  or  just 
inside,  the  pus  from  these  ulcers  mixes  with  the  milk,  and  the 
analyst  finds  a  high  fatty  residue,  from  which  cholesterine,  nuclein, 
lecithin,  and  milk-fat  may  be  separated.  If,  on  the  contrary, 
there  are  no  ulcers  and  no  local  affection  of  the  udder,  the  milk 
in  the  more  severe  cases  may  be  deficient  in  solids,  and  especially 
in  milk-frit ;  nor  does  it  recover  its  normal  composition  until  about 

*  QrdTs  Chemisehe  Aimaim^  vol.  1,  p.  369. 

tJ.P.  Simon's  "Ammal  Chemistry,"  8yd.  aoc»  \\»  W. 
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the  seventh  and  eighth  days,  when  the  cow  begina  to  improve.  The 
author  (liBCOvered,  ia  1876,  some  peculiar  appearuicea  m  aphthous 
milk,  aa  observation  siuce  amply  coafirmed  by  others.  Such 
milk,  observed  on  the  first  day  by  the  microscope,  presents  no 
remarkable  peculiarity  ;  but,  on  the  third  day,  elongated,  highly 
fiattened,  highly  refractive  bodies,  ranging  in  length  from  l-800tfa 
to  l-lOOOth  of  an  inch,  make  their  appearance.  In  some  there 
are  at  intervals  divisions.  The  chemical  composition  sppeant 
from  microBcopic  reactions  to  be  of  an  albuounous  natnre.  By 
the  fourth  day  they  are  fewer  and  latter,  and  in  the  later  stages 
they  are  no  longer  seen.  If  the  local  affection  is  at  all  severe, 
blood-cells,  and  occasionally  a  considerable  quantity  of  blood,  may 
be  found  in  such  milk, 

Hammitis. — This  disease,  as  its  name  implies,  signifies  an  acute 
inflammation  of  the  muramce.  Theoretically,  milk  secreted  by  &n 
inflamed  organ  should  be  altered  much  in  quality;  but,  in  the 
case  of  a  heifer  suffering  from  this  disease,  milk  taken  the  second 
day  after  calving  did  not  appear  to  differ  esBcntially,  either  in 
microscopical  appearances  or  in  chemical  composition,  from  normai 
milk.  Its  specific  gravity  was  1-0362,  and  the  composition  of  the 
solids  in  100  parts  was  as  follows : — - 

Hilk-&t, 2-800 

Caacine, 4-09 

Albamen, *S60 

Uilk-Biigar, S-Hl 

NitnAeofmereniypnoitHtsta  dried  at  100°,  1-68 

Ash, -920 

Chloride  of  sodium  iaaah,  ....  -110 


Parturient  Apoplexy. — A.  Ccmtufferingjrom  ParturiaU  Apoplexy: 
Pttise  ImperceptiNe;  TemperMun  99°-4.  Third  day  after 
Calving. 

Speofio  gravis,  1437>    BeaatioB  teaUy  alkaline. 

IbIODoo. 

Milk-fat, 3-790 

Caseine, 4-020 

AlbnineD, 1-140 

(WeishtafmennuTpl«cipitate,  .        .  1-381* 

Aah. 0-980 

NaainMb, 0-102 

Ureft  waa  absent ;  there  vu  mnoh  Uctochrome.    No  abnormal 
dementB  detected  by  a  microscopical  examination. 

*At  iha  tame  of  tlw  ani^Lyu  thn  «Qiii£pcmB&  oAom  (A  tiha  nflrenrT  pre- 
'"'^U*  im  not  kaown. 
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The  MUk  of  a  Caw  Buffering  from  Pnewmoma  fotuieen  dayu 
after  Cahing,    PuUe  82,  TempertUure  102*''4. 

Specific  gravily,  1  -0297. 

InlOOee. 

Milkfat, 2^60 

Cholesterine, 0*580 

CaseiDe, 3*860 

Milk-sugar, 3*880 

Albamen, O'iSO 

Oalactine, 0*090 

Upea» 0*005 

Ash, 0*800 

NaainaBh, 0*488 

This  is  the  only  milk  in  which  the  writer  found  an  estimable 
quantity  of  cholesterine.  The  microscopical  results  were  negative. 

BngorgemerU  of  Rumen  emd  Congested  Liver.    Pulae  68, 

Temperaiure  101% 

Specific  srayity,  1*032. 

InlOOparls 
by  weight 

Milk-fat, 6-057 

Caseine, 4*796 

Albnmen, 1*067 

Milk-sagar, 4*497 

Galactine, 0118 

Ash, 0-670 

NaClinash, 0*092 

The  milk  appears  simply  concentrated. 

Phthiria. — A  Cow,fim  yearaold,  with  Extensive  Tubercular  Deposit 
in  RigJu  Lung,     The  Dam  was  also  Scrofulous, 


Specific  gravity, 

Milk&t, 

Oaseine, 

Albamen, 

Milk-sugar, 

Galactine, 

Ash,    . 

NaCl  in  ash, 

A  careful  microscopical  examination  oould  detect  no  abnormal 
element& 


Deo.  7, 187& 

Feb.  1871. 

10297 

1*0340 

InlOOca 

InlOOoQL 

2*77 

3*83 

3*650 

6*4 

0*867 

0*365 

2*824 

3*34 

? 

?• 

0*866 

0*770 

0*096 

0*15 

*  The  detenninationtf  ofgalsc^e  were  made  on  to  vmiH  «k  tokdA^  ta'^MiX 
tc  be  nliMble,  but  this  is  certain  that  tlie  galactine  waB\)«s<SML^kiA  vnstv^* 
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J%Mm. — A  Cow,  loo  yeate  old,  i 


Ojilactine,     . 
llilk'sanr,  . 
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an  adoamxd  gtag«  of  PkMAi- 
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The  entire  amount  the  cow  yielded  in  January  was  1  gallon  ; 
the  amount  Bent  for  analysis  was  a  fractional  [tart  of  the  whole. 


A  Sample  of  Milk  drawn  from  an  Udder  acttudly  InfiUraied 
wU/t  Tubercular  Deposit. 
SpoaiGo  sravitv,  1-OlS. 

Water, SHw 

Cueim, 1-210 

Allmmen, 2-3B7 

Milk-injtar, 0-4W 

HUk-bt, 0-490 

Alkaloida, abwot 

Ur«a, O-OS* 

AA, O-TS* 

NaCI  in  Mb,      .        .         .        .                 .  0-430 

Nitric  acid  in  combination,         .  0*018 

The  whole  quantity  of  the  flnid  did  not  exceed  70  ce.  It  waa 
of  a  dirty  amber  colour,  with  the  caseine  partially  separatitig. 
A  mioroBcopical  examination  showed  very  few  fat  globules,  and 
the  following  abnormal  elements: — 

1.  Clusters  of  oval  or  round  granular  cells,  for  the  most  part 
'0005  inch  in  diameter,  with  a  well-marked  oval  nucleus. 

2.  Qranular  massea,  irregular  in  shape,  varying  in  size  from 
about  0-0006  inch  to  ten  or  twelve  times  that  size. 

3.  Qranular  rounded  bodies,  stained  brilliantly  by  magenta  or 


This,  then,  Is  phthisical  milk  in  its  most  intense  form,  and  one 
never  likely  to  be  found  in  commerce,  but  admixture  of  such  a 
fluid  with  genuine  milk  is  possible. 

It  is  essentially  an  albuminous  serum,  containing  nrea,  amall 
quantities  of  nitrates,  common  salt,  and  Just  sufficient  caaeineand 
miik-saffir  to  show  its  origin  from  a  much  diseased  milk-gland. 
'^'^  «£flnuM  of  galactine  U  ooto-voT^^i.^. 
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Local  Aff&sUon  of  the  Udder. — MiOc  from  a  Heifer  two  days  after 
calving^  suffering  from  Retention  of  FceUd  Membrane^  a  portion 
of  the  Udder  miich  inflamed. 

The  milk  -was  pink  in  colour,  and  contained  about  a  twentieth 
of  its  bulk  in  blood  ;  it  was  perfectly  fresh  when  examined,  bat 
rapidly  putrefied.  The  blood  was  separated  by  subsidence  as 
much  as  possibla     The  reaction  was  feebly  add : — 

:8p6eific  gravity  1  *OSia 

InlOOao. 

MUk-&t, 4*40 

Caseiue  and  milk-sngar, «...  9*81 

Albumen, 0*62 

Oalactine, 0*269 

Aah, 1*16 

§  156.  Typhus, — The  milk  of  cows  suffering  from  typhus  has 
been  analysed  by  Husson,*  who  states  that  from  the  commence- 
ment of  the  malady,  the  azotised  principles  augment,  and  that 
there  are  often  found  bloody  and  purulent  fluids  admixed.  The 
following  is  an  average  sample  of  milk  from  cows  suffering  from 
a  not  too  severe  form  of  typhus  : — 

Fat, 1-493 

Milk-sngar, 3*140 

Albumen, 2060 

Salts, 1-850 

§  157.  The  Propcbgation  of  Disease  through  Milk, — Modem 
researches  on  zymotic  diseases  have  for  loDg  been  converging  to 
the  one  conclusion,  that  these  diseases  are  all  produced  by  germs, 
the  life-history  of  which  is  analogous  to  that  of  bacteria;  and  that, 
consequently,  such  diseases  are  only  special  forms  of  fermentation 
or  putrefaction  in  living  tissues,  the  disease-zymads  growing  and 
multiplying  at  the  expense  of  the  tissues. 

Now,  if  the  composition  of  milk  and  of  the  tissues  be  com- 
pared, it  will  be  seen  that  milk,  although  physically  a  fluid,  yet 
resembles  in  its  chemistry  a  tissue,  and  contains  all  that  is  neces- 
sary for  the  nourishment  and  growth  of  a  zymad.  Hence  it  is, 
that  if  a  scarlet-fever  zymad,  or  a  typhoid  zymad,  fall  into  milk, 
for  all  practical  purposes  it  is  immersed  in  a  tissue ;  and  there 
are  plausible  grounds  for  believing  that,  if  the  conditions  of  the 
temperature  are  favourable,  the  zymad  may  increase  and  multiply 
in  the  fluid.  However  this  may  be,  milk  certainly  possesses  no 
destroying  power  over  these  disease-germs  or  zymads ;  and  tkev^ 

'  Camptes  Rendus,  t  73,  1871,  V-  ^^9^* 
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are  on  record  a  Dumber  of  well-anthenticateil  outbreaks  of  typhoid 
fever,  of  diphtheria,  and  of  scarlet  fever,  ia  which  no  reasonable 
doubt  exists  as  to  the  milk  having  played  the  part  of  an  infected 
garment,  and  conveyed  the  disease.  The  exact  way  in  which  the 
poison  gained  access  to  the  milk  in  these  various  cases  has  not 
always  been  clear  ;  bat  we  may  presume  tliat  adulteration  with 
specifically  tainted  water,  the  handling  of  dairy  utensils  by  per- 
sons whose  hands  have  been  soiled  with  tlie  discharges  of  the 
sick,  the  dropping  of  epithelial  scales  into  the  milk-cans  in  the 
course  of  transmission,  are  all  possibilities,  and  all  likely  to  have 
the  effect  of  tainting  the  mUk.  It  will  be  unnecessary  to  go 
further  into  this  well-worn  to|>ic,  full  details  of  which  are  to  be 
found  in  the  annual  reports  of  the  Local  GovemineDt  Board  and 
elsewhere.  We  therefore  pass  on  to  a  subject  upon  which  less  is 
known,  and  upwn  which  there  may  be  considerable  diversity  of 
opinion — vii.,  the  spread  of  consumption  through  milk. 

The  question  as  to  whether  this  actually  occurs  or  not,  hinges 
upon  another  very  debatable  point,  and  one  on  which  the  leading 
pathologists  are  by  no  means  agreed — viz.,  is  tuberonlosis  infec- 
tions, or  is  it  not )  further,  is  it  possible  to  propagate  taberde 
through  specifically-infected  food  or  drink,  or  is  it  not  t  If  the 
possibility  of  transmission  of  tubercle  by  infected  food  is  proved, 
then  it  is  scarcely  possible  to  deny  that  tuberculosis  in»y  be 
caused  by  speoiBcally-tainted  milk.  Tillenin  •  was  one  of  the 
first  to  attempt  to  ascertain,  by  dir«ot  experiment,  whether 
tubercle  was  transmissible  or  not.  He  inoculated  tjie  rabbit, 
the  sheep,  the  dog,  and  the  cat  with  human  tuberculous  matter, 
always  in  very  small  quantities,  with  more  or  less  success.  The 
flxperiments  of  Villenin  were  repeated,  with  infinite  variation, 
by  most  of  the  leading  pathologists  of  Europe  ;  but  their  deduc- 
tions were  quite  difierent  from  those  of  Tillenin,  for,  on  potting 
variouB  substances  (other  than  tuberculous  matter)  in  the  sub- 
cutaneous tissue  of  guinea-pigs,  they  produced  a  febrile  disorder, 
and  found  after  deatti  products  which,  they  declared,  were  not  to 
be  distinguished  from  tubercle.  Hence,  tuberculosis  was  con- 
sidered for  a  long  time  {and,  indeed,  is  by  some  ]>eraons  still  so 
oonsidered)  as  due  to  a  mechanical  irritation,  chii^fly  set  up  in 
the  delicate  cells  lining  the  lymphatic  channels.  While  animals 
alone  were  the  subject  of  the  French,  German,  and  ^glish  ex- 
perimenters, a  doctor  in  Greece —Zal  Ion  is  of  Syra — actually 
inoculated  the  human  subject — a  man  affected  with  gangrene  of 
the  foot — with  tuberculous  sputa.  In  thirty-eight  days  the  man 
died  with  unmistakable  tuberculous  signs,  which  an  autopsy  con- 


§'157.]  THE  MILK  SECRETED  BT  THE   UNHEALTHY.  253 

firmed.  The  opinion*  that  the  introduction  into  the  tiBsnes  of 
a  great  variety  of  foreign  matters  will  cause  this  malady  is  now 
losing  ground,  there  having  been  of  late  years  some  most  valuable 
experiments  on  the  subject,  more  especially  those  by  Bollinger 
and  by  Cohnheim.f 

The  most  striking  of  Cohnheim's  experiments  were  those  in 
which  he  introduced  tuberculous  matter  into  the  anterior  chamber 
of  the  eyes  of  kittens ;  the  animals  generally  became  infected  after 
a  well-marked  period  of  incubation  of  from  fourteen  to  twenty- 
one  days.  Cohnheim,  associated  with  Solomons,  has  also  proved 
the  possibility  of  aerial  infection,  having  produced  the  disease  in 
animals  by  causing  them  to  inhale  tuberculous  dust.  The  patho- 
logical changes  thus  produced  they  compared  side  by  side  with 
those  produced  by  mere  irritants,  whether  breathed  or  introduced 
into  the  system  by  other  channels;  and  they  declare,  as  the 
result  of  such  comparison,  that  the  products  of  the  latter  are 
entirely  different,  and  not  to  be  confounded  with  tubercle.  Direct 
experiments  with  the  milk  from  tubercular  cows  have  been  made 
by  Qerlach,  Klebs,  and  Bollinger.  Gerlach  fed  two  calves,  two 
pigs,  one  sheep,  and  two  rabbits  for  three  weeks  with  the  unboiled 
milk  of  a  phthisical  cow ;  the  whole  of  the  animals  became  affected 
with  tubercular  disease.  Klebs  made  a  similar  successful  experi- 
ment with  nine  guinea-pigs.  The  accidental  infection  of  a  large 
St.  Bernard  dog,  which,  having  come  across  the  milk  designed 
for  one  of  the  expeiiments,  drank  it,  and  became  tuberculous,  is 
perhaps  more  striking  than  a  foi*mal  experiment.  The  experi- 
ments of  Bollinger  were  on  pigs,  as  follows : — Two  young  pigs  were 
fed  with  the  unboiled  milk  of  a  cow  which  in  life  exhibited  symp- 
toms of  lung  disease,  and  which  a  post-mortem  examination  showed 
to  have  suffered  from  phthisis.  This  experiment  was  negative. 
The  pigs  enjoyed  good  health,  and  on  being  killed  proved  to  have 
all  their  organs  in  a  sound  condition,  with  the  single  exception 
of  some  slight  infiltration  of  the  glands  of  the  neck  in  the  case  of 
one.  In  a  second  experiment,  the  milk  of  a  highly  tuberculous 
cow  was  given  for  ten  weeks  to  four  healthy  young  pigs  three 
weeks  old.  During  this  time  a  general  enlargement  of  the 
lymphatic  glands  of  the  neck  was  observed  ;  at  the  end  of  four 
and  five  months  the  animals  were  killed,  when  tubercular  infil- 
tration of  the  lungs,  liver,  spleen,  &c.,  was  fully  established. 
Another  experiment  was  made  on  a  young  pig,  fed  with  the  same 
milk  for  fourteen  days.     On  killing  the  animal  three  weeks  after- 

*  *<  The  TraoBmissibility  of  Taberculosia,"  by  G.  Fleming  Med.  Chir. 
Review,  Oct,  1874. 

t  "Die  Tnberonloisein  vom  Standponkte  dier  lii!fe6\aJ(SD]iUibs^  '^tsu  ^. 
Cohabeim.    Lapag,  1880, 
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wards,  there  was  found  aheeaj  inflammation  of  the  large  intes- 
tine, an  exquisite  miliary  infiltration  of  the  lungs,  and  a  slight 
cheesy  deposit  in  the  broncliinl  glands.  The  milk  in  all  the  above 
experiments  had  been  given  unboiled.  In  another  experiment, 
however,  in  which  aix  pig3  were  taken,  four  were  fed  with  the 
milk  of  the  same  cow  (two  with  the  unboiled  milk,  two  with  the 
boiled  milk),  and  two  were  fed  on  oriiinai-y  diet  to  control  the 
experiment.  After  a  few  months  the  last  two  were  healthy  ;  the 
two  fed  on  unboiled  milk  highly  tuberculous  ;  one  of  the  pigs  fed 
on  the  boiled  milk,  on  being  killed,  was  found  perfectly  healthy  : 
the  other,  killed  a  little  later,  was  tuberculous.  Further  experi- 
ments are  in  jirogreas.* 

On  the  other  side,  there  are  numerous  failures,  and  many 
observers  have  failed  to  propagate  the  disease.  K.  Perroncito,  of 
Turin,  records  the  case  of  a  whole  family  (consisting  of  a  man, 
his  wife,  and  two  children)  drinking  for  eight  days  the  milk  of  a 
cow  most  decidedly  tuberouloua,  as  proved  by  an  autopsy  ;  and 
yet  they  remained  well.  Negative  results  are,  however,  of  little 
vaJuCj  unless  extremely  numerous.  If  the  disense  can  be  projia- 
gated  by  milk,  it  does  not  necessarily  follow  that  every  animal 
experimented  upon  will  become  infected  ;  for  there  are  nnrobera 
of  facts  proving  that  some  human  beinga  and  some  animals  have 
ft  great  resisting  power,  and  do  not,  with  any  readiness,  take  sach 
diseaseB.  It  has  hitherto  been  almost  universally  tanght,  that 
bovine  tuberculosis  has  nothing  essentially  difierent  in  its  course 
or  pathology  from  human  tuberculosis.  This  view  has,  however, 
been  recently  contested,  Dr,  Charles  Creighton,  in  a  very  able 
paper.t  giving  a  series  of  cases  (eight  in  number)  in  which  he 
contends  that  there  was  more  analogy  to  "  PerUueht,  bovine 
tuberculosis,"  than  to  human,  and  moreover,  that  this  form  is  a 
distinct  form,  quite  as  distinct  as  glanders — the  salient  points  in 
the  cases  cited  being,  (1.)  the  occurrence  of  tumour-like  embolic 
infarcts  in  the  lungs ;  (2. )  the  implication  of  the  bronchial,  or  of 
the  mesenteric  tind  portal  lymphatic  glands  ;  (3.)  the  characters 
of  the  eruption  in  the  serous  membranes,  and  its  relative  fre- 
quency ;  (4.)  the  microscopic  appearances ;  (5.)  the  elements  of 
obscurity  in  the  cases  viewed  as  cases  of  ordinary  or  autochthon- 
ous tuberculosis. 

The  very  important  information  as  to  what  percentage  of  oows 
BuETers  from  the  disease,  and  whether  it  is  on  the  increase  or 
decrease,  is  unfortunately  not  with  any  accuracy  known;  and 
from  the  contradictory  statements  advanced,  all  that  one  can 

•  AerdOeh.  InttUuieta  BlatL  No.  47,  607. 
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gather  is,  that  it  is  rare  in  some  parts,  frequent  in  otheny  and 
that  milch  cows  are  especially  prone  to  the  disease. 

Cmzel  affirmed  that  in  France,  in  every  hundred  old  oxen 
fattened  and  slaughtered  for  food,  one-half  would  have  the  lungs 
more  or  less  tuberculous.  Not  very  long  ago,  however,  M. 
Tallin,  aided  by  some  of  the  most  eminent  veterinaries  in 
Paris,  searched  for  four  months  in  vain  for  a  tuberculous  oow, 
and  he  states*  that,  out  of  28,000  beasts  slaughtered  annually  at 
the  abbatoirs,  only  20  to  28  bore  any  sign  of  tubercle,  while  those 
rejected  as  unfit  for  slaughtering  are  an  insignificant  number. 
On  the  other  hand,  in  Germany  the  percentage  of  cows  affected 
is  about  2  per  cent.  In  England  the  number  is  not  known,  but 
it  certainly  is  not  higher  than  2  per  cent.,  and  it  is  doubtful 
whether  it  ever  attains,  except  in  certain  localities,  1  per  cent. 
The  analyses  of  the  author  have  shown  that  in  the  milk  in  the 
last  stages  of  disease  only  (in  the  stages,  indeed,  in  which  it 
would  be  unprofitable  to  milk  a  cow),  does  the  fluid  essentially 
differ  from  normal  milk ;  and  the  very  milk  so  successfully 
experimented  with  by  Bollinger  was  also  found,  on  analysis,  to 
be  of  normal  composition.  Hence,  the  danger  is  not  imaginary, 
but  real ;  and  when  we  consider  the  enormous  scale  on  which 
some  dairies  are  conducted — the  number  of  gallons  of  milk 
from  various  cows,  which  are  mixed  together — it  is  certain  that, 
in  large  towns,  specifically-tainted  milk  is  constantly  drunk.  A 
great  portion  of  such  milk  is  raised  before  use  to  nearly  the 
boiling  point,  but  much  is  drunk  unboiled. 

AphUums  Fever, — The  physical  and  chemical  characters  of  aph- 
thous milk  have  already  been  described.  In  certain  stages  of  the 
disease,  the  milk  acts  upon  young  calves  like  a  virulent  poison, 
the  calf  dying  from  apnoea  with  great  suddenness.  After  death 
few  marked  changes  are  noticed,  save  intense  pulmonary  con- 
gestion, and  a  somewhat  injected  patchy  tongue.  The  milk  has 
been  given  to  pigs  with  a  fatal  result,  and  even  cats  have  suffered 
indisposition  from  it ;  nor  is  there  wanting  the  strongest  evidence 
to  show  that  it  may  convey  the  aphthous  disease  to  man.  This 
transmission  to  man  has  been  observed  for  some  time,  for  in  the 
middle  of  the  eighteenth  century  Michael  Sagarf  described  the 
aphthous  epidemic,  which  prevailed  in  Moravia,  1763-64,  and 
related  how  the  milk  propagated  the  disease  to  animals  and  men. 
In  1834  three  German  veterinarians^  (Hertzwig,  Mann,  and 
Villain)  made  on  themselves  some  very  conclusive  experiments, 

•  M.  VaUin,  Lait  det  Vachet  Phthiriquea  Annaka  D^Hyg^hne  PMique, 
July.  1878. 
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o»ch  taking  a.  pint  of  the  warm  milk  drawn  from  an  infected  cow 
for  four  consecutive  mornings.  On  the  third  day  M.  Hertwig  had 
feverish  aymptoma  ;  by  the  sixth,  the  mucous  membrane  of  the 
mouth  was  swollen ;  by  the  seventh,  there  was  a  well'Uiarked 
eruption  on  the  edge  of  the  tongue,  the  IJpa,  and  the  internal  sur- 
face of  the  cheeks  ;  by  the  tenth,  the  Tesiclea  ooutinually  increas- 
ing in  size,  had  burst ;  and  by  the  twenty-fourth  day  the  ulcers 
had  dried,  and  there  was  some  desquamation.  MM.  Mann  and 
Villain  were  also  affected  in  the  same  way,  but  to  a  less  degree. 
This  experiment  is  supiJorted  by  a  number  of  instances  of  par- 
tial epidemics  in  the  human  kind,  which  oould  be  satisfactorily 
traced  to  aphthous  milk.  It  would  appear  certain,  that  such 
milk  after  boiling  ia  harmless.  For  example,  Boulay  records 
that  foot-and-mouth  disease,  when  imported  into  the  Com- 
mune of  Moi'chier  by  a  pig-dealer,  extended  in  a  few  days  to 
over  a  hundred  head  of  cattle,  but  spared  the  caWea,  which  were 
fed   on  boiled  milk  and   water,  and  not  allowed  to  suck  their 

A  N'eio  Form  of  FArUe  Ditease  Associated  teiih  Milk. — The  milk 
from  a  dairy  near  Aberdeen  appears  to  have  been  the  propagating 
agent  of  a  peculiar  and  entirely  new  malady.  This  remarkable 
outbreak  haa  been  investigated  and  described  with  great  abilify 
by  Dr.  Ewart*  Twenty  persons  were  attacked,  and  there  were 
tliree  deaths.  The  symptoms  consisted  essentially  of  fever,  with 
one  or  more  relapses,  and  swelling  of  the  cervical  glands,  fre- 
quently ending  in  suppuration.  The  connection  of  the  epidemic 
with  the  milk-supply  was  established  by  the  fact  of  the  illness 
being  confined  to  those  who  drank  the  milk,  as  well  as  by  the 
microscopical  appearances  of  the  milk,  and  some  well-deviaed 
experiments  on  animals.  The  microscopic  appearances  of  the 
milk  showed : — 

1.  Numerous  micrococra,  some  free,  others  in  groups  or  "htitifl 

2.  Numerous  si>oreB  and  cells  of  the  yeast-plant. 

3.  Spores  similar  to  B.  anthracis. 

3ome  pus  from  the  neck  of  one  of  the  patients  was  found  to 
contain  bacilli  and  spores  apparently  identical  with  those  found 
in  the  milk,  and  such  pus  caused  fatal  illness  when  injected  into 
small  animals  subcutaneously.  These  elements  were  submitted 
to  cultivation,  and  a  variety  of  experiments  on  rats  wore 
iitstituted  with  the  suspected  milk,  side  by  side  with  control- 
experiments  with  healthy  milk,  the  main  result  being  to  prove 
satis&otorily   a  direct  connection   between  the  bacilli  and  the 

*  Oil  a  New  Fonn  of  Febrile  Diaeaie  usociat«d  with  the  PrcMiioe  of  (Mw. 
ihggaiam  distriboted  with  Uilk.  irom  l\i«  Ol^nuU  Refbrmatoiy  School,  Abrf^ 
a,  krJ.  Co«MBwwt,tt.l>.,Proe.  a<.j.S«i.,«a\.xi±i.,«fi. 
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disease  ;  the  evidence  pointed  to  a  contamination  of  the  water 
supplying  the  dairy,  and  the  author  concludes  that  the  organism 
producing  this  new  fever  was  morphologically  not  unlike  the 
anthrax  organism  in  its  mode  of  development  and  life-history ; 
and,  further,  that  it  was  introduced  into  the  milk  after  it  had  left 
the  udder. 


DECOMPOSITION  OP  MILK. 

§  157.  It  has  already  been  stated  that  milk  left  to  itself  at 
all  temperatures  above  9*"  begins  to  evolve  carbon  dioxide, 
and  that  this  is  simply  a  sign  and  result  of  fermentation.  If 
this  fermentation  is  arrested  or  prevented  by  any  of  the  means 
described  in  the  section  on  the  preservation  of  milk,  the  fluid 
remains  perfectly  sweet  and  good  for  an  indefinite  time. 

Besides  the  production  of  carbon  dioxide  during  decomposition, 
a  certain  portion  of  milk-sugar  is  converted  into  lactic  acid, 
some  of  the  caseine  and  albumen  broken  up  into  simpler  con- 
stituents, and  a  small  proportion  of  alcohol  produced,  which 
by  oxidation  appears  as  acetic  acid,  while  the  fat  is  in  part 
separated  into  free  fatty  acids,  which  ultimately  unite  with 
the  ammonia  produced  by  the  breaking  up  of  the  albuminoids. 
This  fermentation  of  milk  is  a  special  kind  which  of  late  years 
has  been  much  studied,  and  is  known  as  UmcIic  fermenkUion, 
Accompanying  lactic  fermentation,  there  is  nearly  always  a 
weak  butyric  and  a  weak  alcoholic  fermentation. 

The  researches  of  Pasteur  have  established  the  fact  that 
lactic  fermentation  is  produced  by  a  special  organism  as  capable 
of  being  sown,  cultivated,  and,  as  it  were,  reaped,  as  a  plant  of 
higher  and  more  complex  character.  This  minute  plant  consists, 
like  yeast,  of  a  single  cell,  and  propagates  like  yeast  bj  rapid 
budding  ;  in  mass  it  is  also  similar  in  appearance  to  yeast,  being 
viscid  and  of  a  gray  colour.  Under  the  microscope  the  cells 
are,  however,  seen  to  be  very  much  smaller  than  those  of  the 
yeast-plant,  and  in  common  with  all  very  minute  particles  to  be 
agitated  with  a  rapid  ^*  bratvnian  "  movement. 

A  small  portion  of  this  ferment,  on  being  added  to  a  solutioi^ 
of  sugar,  rapidly  turns  it  acid ;  but  the  change  to  lactic  acid  is 
never  complete,  for  acidity  interferes  much  with  its  growth, 
and  brings  it  ultimately  to  an  end.  K,  however,  the  liquid  is 
kept  neutral  by  the  addition  of  chalk,  or  by  any  other  suitable 
means,  under  such  conditions  most  of  the  sugar  \a  eoTrvexV^Hx^w^ 
lactic  acid    This  change  is  very  simple,  bwdg  mere\j  a  «^\\\XKxi% 


-^    iiv'ticea.       ^>  evert  I 
it-rmentation   is   gr'iierally   present    with 
n'ason  whv    it    mrulv    proceeds   to    any 
tiiat  an  acid  medium  is  very  uufavourabl 
})articular  ferment. 

According  to  Pasteur,  the  butyric  fei 
infusorium  of  the  genus  Vibrio.     The  li 
tuting  the  ferment  have  the  appearance 
rods,  rounded  at  the  extremities,  usually  s 
or  united  in  a  chain  of  two,  three,  or  foi 
more.     The  diameter  of  these  small  rods 
millimetre,  and  the  length  of  the  isolate 
to  j^  mm.  (^0000687  to  -000687  inch].    ^ 
sliding.     During  this  movement  their  boc 
undulate  slightly;  they  spin  round,  they 
on  end,  and  agitate  their  extremities;  they 
method  of  reproduction  is  by  fission.*      ' 
conditions  for  its  development  are  a  suit 
alkaline  or  neutral,  kept  at  a  temperature 
does  not  require  free  oxygen. 

§  158.  Blue  MM, — MUk  has,  in  rare  in 
to  undergo  a  peculiar  change  of  colour, 
marked  blue  tint,  the  seat  of  which  is  sa 
On  adding  caustic  alkalies,  the  colour  chai 
but  the  blue  is  restored  by  acids.  TTi'"  '*^- 
duft  *"-^  •  '* — 
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abstraction  of  cream  (or  both  combined)  ;  the  addition  of  cane 
sugar  to  conceal  watering,  the  addition  of  salt,  borax,  or  salicylic 
acid  to  milks  likely  to  decompose;  and,  lastly,  the  addition  of 
glycerine.  Milk  is  also  occasionally  manufactured  from  con- 
densed or  concentrated  milks.  No  other  adulterations  than 
the  above  •  have  been  proved  to  exist  by  any  trustworthy  evi- 
dence. The  mere  addition  of  water  is  easily  detected  by  the  low 
specific  gravity  of  the  milk,  which  test  is  really  extremely  satis- 
factory, provided  the  milk  is  not  exceptionally  rich  in  cream, 
for  an  exceptionally  rich  milk  may  possess  a  specific  gravity 
similar  to  that  of  a  watered  milk.  For  instance,  a  sample  of 
"  fear  milk,"  t  analysed  by  the  author,  was  found  of  a  specific 
gravity  of  1-019;  it  contained  over  7  per  cent,  of  milk-fat.  If, 
however,  the  milk  is  allowed  to  stand  a  little  while,  and  the  fat 
then  partially  removed  by  skimming,  a  mistake  from  specific 
gravity  is  not  possible.  The  specific  gravity  may  be  taken  by 
the  hydrometer,  by  a  Westphall's  balance,  by  a  spiral  balance 
(p.  70),  or  by  a  specific  gravity  bottle ;  in  all  cases  it  must  be 
considered  as  a  preliminary  test  only,  its  indications  should  be 
confirmed  or  otherwise  by  subsequent  analysis.  The  amourU  of 
water  in  the  milk  can  only  be  discovered  accurately  by  analysis 
and  calculation.  The  analysis  is  conducted  on  the  principles 
already  explained,  and  the  amount  of  water  calculated  from  the 
percentage  of  "  solids  not  faf     If  the  exact  composition  of  the 

*  The  fable  of  the  adulteration  of  milk  with  brains  probably  originated 
in  a  communication  made  to  the  OcueUe  des  Hopitaux,  Sep.  25,  1841,  bv  an 
anonymous  writer,  who  affirmed  that  he  had  seen  in  milk,  by  the  aid  of  the 
microscope,  cerebral  tissue  and  the  d^brU  of  blood-vessels.  This  improbable 
announcement  was  reiterated  by  M.  Jules  Rossignon,  who,  writing  in 
L'Echo  du  Monde  Savant^  gave  as  an  established  fact  the  brain  adulteration 
of  milk  (**Ltk  Cervelle  des  Chevaux  de  Montfieiucon  ").  This  statement 
again  having  been  reproduced  in  Le  Memorial  Enq/clopSdique,  was  after- 
wards worked  up,  with  additions  and  amplifications,  m  various  popular 
periodicals  and  journals ;  but,  generally  speaking,  it  was  not  accepted  by 
chemists  actually  engaged  in  practical  work,  in  1844,  shortly  after  the 
publication  of  the  papei^  alluded  to,  MM.  Gamier  and  Haiel  declared 
m  their  work  ( '*Des  Falsifications  des  Substances  Alimentaires  "),  "We  have 
never  met  in  commerce  a  single  sample  of  milk  falsified  with  brain  ;  we  have 
examined  milk  bought  in  different  quarters  of  Paris,  and  especiallv  amons 
the  poor,  but  we  have  never  found  an  atom  of  cerebral  matter. "  Witn  regard 
to  cream  also,  they  justly  say,  that  brains  are  not  suitable  for  the  produc- 
tion of  cream,  communicating  to  it  a  disagreeable  taste,  and  not  thickening 
it.  Gautier  de  Chaubry  also  undertook  some  elaborate  experiments,  show- 
ing how  extremely  difficult  it  was  to  mix  brain-matter  with  milk,  and  when 
it  was  effected,  how  different  the  milk  was  from  ordinary  milk. 

t  A  small  can  of  exceptionally  rich  milk  has  been  occaaionalW  csxns^  Vs 
milkmen  for  the  purpose  of  Berviag  any  inspeoitor.    ^uolii  vmk.  \iia  \m6^ 
termed  "ieMtmilk,'' 
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originiJ  nUlc  is  known,  then  tb«  unouiit  of  water  ndded  ma;  be 
with  ftocara«7  calculated  from  Uw  tollowiiig  fonmila : — 


in  which  y  denotes  the  original  amonnt  of  "  solids  not  &t,"  t  tbe 
amoaiit  of  "  solids  not  fat "  in  the  watered  sample,  and  x  the 
nauber  of  parte  of  genuine  milk  in  100.  As  this  useful  know- 
ledge ia  in  practice  never  obtained,  the  analyst  mnst  use  a 
formnia  based  either  on  the  average  percentage  of  "  solids  not 
fat,"  or  on  the  lowest  percentage  known  to  occur.  This  avera^ 
tbonaatidB  of  analyaes  have  determined  to  lie  between  9-3  and 
9'5  per  cent.,  while  the  lowest  percentage  found  in  healthy 
fairly-milked  animals  ia  about  9  per  cent.  Calculated  on  this 
basis,  the  formula  becomes 


This  is  the  standard  adopted  by  the  Society  of  Public  Analyata; 
but  as  a  standard  it  ia  too  low,  and  ]>ermits  the  milkman  to 
water  ^e  milk  at  least  2  per  cent ;  for  instance,  in  the  analysis 
of  the  milk  of  163  cows,  milked  in  the  presence  of  Mr.  Culer 
Bell,  and  analysed  by  him,  the  lowest  percentage  of  "  solids  not 
fat"  is  given  as  9-2.  Now,  to  this  milk  water  could  be  added  in 
the  proportion  of  2^  per  oent ;  and  as  six  of  Mr.  Bell's  cows 
averaged  "  solids  not  fat"  113  per  cent.,  eucb  milk  could  be 
watered  25-5  per  cent.  Lastly,  Mr.  Wanklyn's  average  country 
milk  could  be  watered  4  per  cent ;  his  avetuge  town  milk 
10  per  cent ;  the  milk  of  the  Aldemey  oow  4  per  cent ;  and  Hr. 
Bell'a  mean  of  181  cowb  (9-9)  9  per  cent,  to  bring  it  down  to  the 
Society's  standard. 

The  author  has,  therefore,  somewhat  departed  from  standards 
in  certifying  to  the  adulteration  of  milk  by  water;  and  in  cases 
where  the  "  solids  not  fat "  exactly  reach  the  Society's  standard, 
invariably  analyses  the  milk  carefully,  seeking  for  evidences  of 
watering  in  the  presence  of  nitrates  and  suljihates.  For  oows' 
milk  only  contains  a  trace  of  sulphuric  acid  in  combination, 
and  is  absolutely  destitute  of  nitrates;  water,  on  the  other 
hand,  not  unfrequently  abounds  in  sulphates,  and,  if  impure,  in 
nitrates.  Hence,  if  a  sufficient  quantity  of  the  milk  can  be 
obtained  for  the  investigation,  the  finding  of  nitrates  and  an 
excess  of  salphates,  or  both,  is  fair  proof  of  watering,  and  an 
analyst  ia  justified  in  certifying  accordingly,  although  "the 
solids  not  bt "  may  reach  the  so-called  standard.*    Id  oertify- 

*  HisU  themorB 
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ing  as  to  watered  milks,  the  author,  in  certain  cases,  uses  in  his 
oertificate  a  particular  form  of  words,  which  is  calculated  to 
represent  the  actual  facts  more  accurately  than  the  usual  state- 
ment.    An  example  will  suffice : — 

''  This  milk  has  been  aduUercUed  toU/i  watsr.  The  sxoct  amourU 
of  water  added  can  only  be  told  when  the  original  composition  of 
this  pctrHcuIar  sample  of  milk  is  known.  But  if  the  original  miUi 
was  a  very  rich  milk,  containing  1 1  per  cent,  of  *solids  notfat^  then 
to  every  100  parts  of  milk  by  weiyht  22*7  of  water  home  been  added. 
If  the  milk  contained  10  per  cent,  of  '  solids  notfaJt,*  then  15  pa/rts 
ofwaJtar  to  every  1 00  of  mUk  have  been  added.  Lastly,  if  the  composi- 
tion  of  the  original  milk  was  that  of  the  poorest  milk  whieh  a  healthy, 
fairly-milked  cow  is  known  to  yield  as  an  average — viz.,  containing 
9  per  cent,  of  *  solids  notfcU,*  then  to  every  100  parts  of  stteh  miUc 
5 '6  of  water  have  been  added;  or,  to  put  it  in  another  form^  1000 
parts  by  toeight  of  milk  have  been  made  into  1056.  /  therefore 
certify  the  milk  to  have  been  watered  A  T  LEAST  5*6  per  cenL** 

However  verbose  such  a  certificate  may  seem,  jet  when  it  is 
remembered  that  under  the  Act  the  analyst  is  seldom  called 
upon  to  give  verbal  evidence  before  a  magistrate,  the  more  full 
and  complete  the  written  statement  of  facts  the  better,  and  the 
author  has  occasionally  found  it  in  practice  extremely  useful, 
more  especially  since  few  magistrates  possess  chemical  know- 
ledge, and,  therefore,  naturally  expect  and  require  a  very  full 
explanation  of  the  principles  on  which  the  certificate  is  based. 

§  160.  With  regard  to  the  removal  of  cream,  the  method  of 
detection  is,  of  course,  to  make  a  quantitative  analysis  of  the 
milk,  exhausting  the  dry  solids,  as  before  described,  by  suitable 
solvents.  If  the  milk-fat  so  obtained  falls  below  2*5  per  cent., 
the  milk  in  all  probability  has  had  its  cream  removed ;  and  the 
amount  of  fat  abstracted  is  found,  according  to  this  standard,  by 
the  following  formula,  in  which  s  =  solids  not  fat,  /  =>  the  fat 
found,  and  x  the  percentage  of  fat  removed  : — 

90      "^ 

If  the  milk  is  both  skimmed  and  watered,  the  following  for- 
mula may  be  used,  the  letters  having  the  same  significance,  with 
the  exception  that  x  means  extraneous  water : — 

100-100+2g,-/=, 

Possibly  ODe  cow  in  a  thousand,  at  one  period  of  the  year,  and  on  a  parti- 
cular diet,  may  give  such  a  milk. 
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Id  giving  a  certificate  u  to  the  BkiiDnung  of  milk,  tbe  author 
invariably  states  that  it  is  calculate  to  a  particular  Etandard, 
wliicb  may  uot  at  all  represent  the  actual  amount  of  fet  removed, 
for  in  rich  milkn  the  fat  isi  considerably  over  25  per  cent. ;  and 
be  is  also  careful  never  to  use  the  word  "  skimming,"  but  sub- 
stitutes the  phrase  "tbe  fat  bas  been  abstracted,''  a  formula 
which  includes  all  the  indirect  vraya  in  which  fat  may  be 
removed. 

The  "  solids  not  fat "  may  lie  normal,  and  the  specific  gravity 
normal,  and  yet  the  milk  may  be  much  watered.  This  feat  is 
accomplished  by  the  addition  of  cane-sugar.  Caue-sugar  is  cheap, 
its  solution  in  water  has  a  high  specific  gravity,  and  it,  of  course, 
raises  the  amount  of  "  solids  not  fat"  A  little  practice  in  tast- 
ing milk  enables  any  one  to  8ua|>ect  its  presence,  but  a  complete 
analysis  alone  establishes  it.  In  a  milk  adulterated  in  this  way 
with  cane-sugar,  if  tbe  milk-fat,  the  caseine,  and  albumen  are 
separately  estimated,  tbe  caseine,  albumen,  and  probably  the 
milk-fat  will  all  be  found  low,  while  the  ash  will  also  be  found 
less  than  the  normal  quantity,  and  the  remaining  organic  cou- 
stitnenta  high. 

Dr.  Muter  estimates  the  amount  of  cane-sugar  added,  by 
pouring  10  grms.  of  milk  on  to  4  of  calcium  sulphate  hydrate, 
evaporating  this  mixture  to  dryness  with  cooBtant  stirring, 
exhausting  the  iat  by  ether,  and  then  removing  all  the  sugar 
by  dilute  alcohol.  This  alcoholic  extract  is  made  up  to  a  known 
bulk,  and  divided  into  two  parts;  one  portion  is  evaporated  to 
dryness,  weighed,  and  then  burnt,  and  the  weight  of  organic 
constituents  found  by  difference ;  in  the  other  portion  an  esti- 
mation by  Fehling  is  made ;  if  no  cane-sugar  ia  present,  the 
difference  between  the  two  estimations  will  be  merely  due  to 
galactine  and  other  principles  soluble,  to  some  extent,  in  dilute 
alcohol,  and  to  any  experimental  error.  If,  however,  oane- 
sugar  has  been  fraudulently  added,  there  will  be  a  most  marked 
difference,  which  may  be  returned  as  cane-sugar.  Dr.  Muter 
considers  that  unless  the  sugar  is  sufiicient  to  impart  a  taste  to 
the  milk,  it  is  not  likely  to  be  with  any  certainty  discovered  by 
analysis.* 

§  161.  The  addition  of  common  salt,  carbonate  of  soda,  or, 
speaking  generally,  mineral  adulterants,  if  in  large  quantity, 
will  be  at  once  recognised  by  the  abnormal  weight  of  the  aah. 
If  in  smaller,  tbe  relation  existing  between  the  amount  of  ash 
and  tbe  caseine  will  be  destroyed,  and  render  it  necessary  to 
Bubmit  the  aah  to  a  careful  qualitative  and  quantitative  analysis. 

■  AmUy^  March,  1880. 
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A  normal  milk-ash  is  white,  or  nearly  so,  contains  scarcely  a 
trace  of  sulphate,  and  does  not  effervesce  on  the  addition  of  acids. 
Borax  is  difficult  of  detection,  because  so  little  is  usually  added. 
The  best  method  would  appear  to  be,  to  evaporate  down  as 
much  of  the  milk  as  can  be  obtained,  previously  rendering  it 
feebly  alkaline.  It  is  then  burnt  up  at  a  low  temperature  to  an 
ash,  and  a  little  glycerine  added ;  the  mixture  stirred  with  a 
glass  rod,  and  a  portion  on  the  loop  of  a  platinum  wire  intro- 
duced into  the  Bunsen  flame,  and  examined  by  the  spectroscope, 
when  the  bands  peculiar  to  boracic  acid  ^11  be  seen,  and  may 
be  compared  with  the  spectrum  of  pure  boracic  acid.  Or  the 
ash  may  be  decotnposed  by  pure  sulphuric  acid,  the  freed  boric 
acid  dissolved  out  by  alcohcA,  the  alcohol  concentrated,  and  the 
platinum  wire  moistened  as  before,  and  the  spectrum  observed. 
The  flame  in  all  these  case»  will  show  a  more  or  less  marked 
green  colour. 

A  process  of  preserving  mUk  by  glycerine  exists,  and  occa- 
sionally it  is  found  in  milk.  To  detect  glycerine  the  caseine,  fat| 
and  albumen  must  be  separated  by  dilution,  acetic  acid,  carbon 
dioxide,  and  heat,  as  described  at  p.  241.  The  sugar  is  then 
estimated  in  one  portion  of  the  yellow  whey  by  copper  solution ; 
the  remainder  is  first  neutralised,  and  then  evaporated  to  dry- 
ness, and  freed  from  any  trace  of  &t  by  exhaustion  with  pure 
ether.  The  glycerine  is  now  dissolved  out  by  a  mixture  of 
alcohol  and  ether,  the  alcohol-ether  evaporated  off,  and  the 
glycerine  identified  by  its  physical  characters  and  the  produc- 
tion of  acrolein  fumes  when  heated  with  sulphuric  acid.  Use 
may  also  be  made  of  the  fact  that  glycerine  sets  free  boracic  acid 
from  borax.  A  little  borax,  therefore,  may  be  moistened  with 
the  syrupy  drops  supposed  to  be  glycerine,  heated  in  a  Bunsen 
flame,  and  examined  before  the  spectroscope  for  the  boracic 
acid  bands.* 

Salicylic  acid  is  used  occasionally  as  a  preservative  of  milk, 
and  it  is  easily  detected  by  shaking  up  milk  whey  (first  acidi- 
fied by  hydrochloric  acid)  with  ether.  The  ethereal  solution  on 
evaporation  leaves  the  acid  in  a  pure  enough  state  to  permit  the 
successfiil  application  of  reagents.  The  best  test  for  salicylic 
acid  is  the  beautiful  violet  colour  which  it  gives  with  a  neutral 
solution  of  ferric  chloride.  Besides  this  test,  a  minute  portion 
may  be  placed  in  the  subliming  cell,  when  a  well-marked  sub- 
limate is  obtained  at  about  100°.  The  crystalline  form  of  this 
sublimate  may  be  compared  with  one  obtained  from  a  known 
pure  sample  of  salicylic  acid. 

*  A,  Senier  and  A  J.  G.  Lowe :  Chem.  3oc  Journal,  dxxxix.,  Sept,  1878. 
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c:\iinot  gain  access  to  it,  remains  sweet  foi 
If,  for  example,  a  flask  of  milk  is  taken,  liea 
])oiut  for  some  time,  and  then,  toJt'de  boil'uKjy 
with  a  good  compact  piece  of  fibrous  asbes 
been  made  for  a  few  minutes  red  hot,  the  i 
compose  nor  ferment     Similarly,  with  suits 
long  thin  neck  of  a  flask  may  be  bent  in  a 
boiled  as  before,  and  allowed  to  cool;  in  this 
be  no  decomposition.     The  explanation  in  th 
that  the  germs  have  been  filtered ;  in  the  o 
settled  in  the  bend  of  the  N,  not  being  able  to 
Similar  experiments  (all  of  which  have  bee 
over  again  by  Tyndall,  Pasteur,  and  others)  a 
simple  conclusion — viz.,  that  it  is  only  necei 
existing  germs,  and  then  put  the  organic  i 
under  such  conditions  as  will  shield  them  f 
tion,  in  order  to  preserve  the  most  complex  si 
from  further  changa 

The  various  processes  which  have  been  pi 
servation  of  milk  fall  under  the  following  hea 

(1.)  Evaporating  Processes ^ — in  which  the  i 
dry  powder,  and  generally  mixed  with  sugi 
taking  place  either  in  a  vacuum  or  in  a  streai 

(2.)  Chemical  Additions, — such  as  glyceri 


$  164.]  PRXBSBYATION  OF  MILK.  265 

tends  to  be — ^viz.,  evaporated  to  a  certain  point  with  the  addi- 
tion of  sugar.  Numerous  patents  have  also  been  taken  out  in 
this  country  with  the  same  end  in  view.  A  few  of  the  more 
important  are  as  follows  : — 

In  William  Newton's  patent  [No.  6787,  1837]  the  milk  was 
evaporated  as  rapidly  as  possible,  either  by  warm  or  cold  air 
or  in  a  yacuum,  and  then  pulverised  and  mixed  with  powdered 
loaf-sugar. 

In  1847,  a  process  was  proposed  by  T.  S.  Orimwade  [patent 
No.  1 1703].  The  milk  was  concentrated  in  vacuo,  and  four  grains 
of  saltpetre  were  added  to  every  quart ;  the  milk  was  then  trans- 
ferred into  vacuous  bottles,  the  arrangement  for  corking  these 
bottles  being  particularly  ingenious. 

Jules  Jean  Baptiste  Martin  de  Lignac  [patent  No.  11892, 1847] 
evaporated  in  simple  open  pans,  continually  breaking  the  scum 
up  by  mechanical  means.  A  little  sugar  was  added,  and  the 
product  preserved  in  hermetically-closed  vessels. 

A  patent  taken  out  by  Orimwade  in  1855  [patent  No.  2430], 
was  a  combined  process.  The  milk,  immediately  on  being 
received  from  the  cow,  was  heated  to  110°  Fabr. ;  and  5  ozs.  of 
refined  sugar  and  1  '25  ozs.  of  milk-sugar  were  added  to  every 
gallon  of  milk.  The  whole  was  now  evaporated  in  a  particular 
pan  with  double  bottom,  through  which  hot  water  was  made  to 
circulate  during  the  evaporation.  These  pans  were  kept  in  a 
continual  oscillation  by  means  of  machinery,  and  the  resulting 
dry  solids  were  ground  to  powder  by  rollers. 

In  Clark's  patent  [No.  3675,  18371,  for  the  first  time,  is  men- 
tioned the  heating  of  milk  to  the  boiling  point  of  water,  with  the 
avowed  object  of  destroying  germs.  The  milk  is  evaporated  in  a 
vacuum  without  the  addition  of  sugar. 

Stephens  has  an  ingenious  specification  [No.  1342,  1872], 
according  to  which  the  milk  is  rapidly  condensed  in  a  continuous 
manner  by  successively  passing  through  a  series  of  twenty-four 
pans,  each  pan  being  raised  a  little  above  the  next  in  order,  and 
the  whole  being  in  a  line.  The  bottoms  of  the  pans  are  serrated, 
heated  by  steam,  and  oscillation  by  machinery  is  kept  up.  The 
milk  flows  in  a  slow  shallow  stream,  and  the  evaporation  is 
finished  by  the  time  the  milk  reaches  the  last  pan. 

§  164.  (2.)  Additions  to  Milk. — The  ordinary  additions  have 
been  sugar,  milk-sugar,  glucose,*  carbonate  of  soda,  and  nitre. 
Bethall,  in  1848,  preserved  cream  and  milk  by  first  expelling 
the  air,  and  then  saturating  the  liquids  by  carbonic  dioxide. 
The  gas  was  evolved  in  the  usual  way,  from  sodio  carbonate 

'  J.  A  NewnbMm,  No.  2801, 1810. 
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(lecomposod  by  aa  acid ;  the  air  was  expelled  by  boiliDg,  and 
Ihe  milk  was  then  preserved  in  bottles.  A  similar  patent 
[No.  25,  1879]  IiBs  been  taken  out  by  Riddell,  and,  without 
doubt,  this  method  is  scientificaUy  coiTecl,  «ud,  if  properly  done. 
would  be  effectunl.  Wanklyn  and  Eaasie  [patent  No.  1B61,  1871] 
have  proposed  the  addition  of  two  parta  of  glycerine  to  every 
lOOofmUk. 

All  these  methods  of  preserving  milk  have,  it  is  obvious,  txo 
effect  in  destroying  the  germs  of  any  disease  possible  to  be 
communicated  to  man.  Speaking  generally,  indeed,  all  additions 
to  milk  in  the  form  of  antiseptics,  such  as  glycerine,  salicylic 
acid,  boraic,  and  the  like,  should  be  looked  upon  with  disfavour; 
for  by  their  use  cleanliness  in  the  dairy  would  not  be  such  au 
essential  as  it  is  now;  and  the  addition  of  these  antiseptics  is 
somewhat  analogous  to  the  saturation  of  foul  places  with  carbolic 
acid,  when  the  more  obvious  and  more  effectual  remedy  would 
be  to  keep  them  free  from  filth. 

§  165.  (3.)  Action  of  Cold  on  MtfA.— The  simple  action  of  cold 
on  milk  has  bet'n  studied  scientiiically,  ami  it  hua  been  con- 
clusively proved  that  the  artificial  cooling  of  milk  by  ice 
(whether  the  milk  be  placed  for  the  purpose  in  deep  nana  or  in 
shallow  pans)  produces  far  better,  sweeter  cream  than  any  other 
system.  An  analysis  of  cream  by  Voelcker  *  thrown  up  by  the 
Swartz  systemjf  gave  the  following  : — 

Milk  M, 85-70 

Cawiae, -92 

A»h,  12 

Witer,  13-26 

The  cream  wm  perfectly  neutral. 
TisseraudJ  from  his  experiments  on  the  action  of  cold,  con- 
cluded that — 

1.  The  rising  of  the  cream  is  the  more  rapid  the  nearer 
zero  the  milk  is  kept; 

2.  The  volume  of  the  cream  is  greater ; 

3.  The  yield  of  butter  more  considerable ; 

4.  The  skim-milk,  the  butter,  and  the  cheese,  are  in  the  Utter 
case  of  better  quality. 

Still,  however  valuable  the  use  of  cold  may  be  to  throw  up 
the  cream  and  to  preserve  milk  in  transit,  it  must  not  be 
forgotten  that  it  in  no  way  renders  the  milk  safe,  should  it  be 
contaminated  by  any  specific  poison  of  animal  or  human  origin. 

*  Journal  AgricuL  Soc,  No.  xxiv.,  1879,  p.  157. 

t  Deep  canK,  (2  fe«t  long,  20  deep,  and  S  wide),  in  which  the  milk  it  arti- 
ficially  cooled,  are  ibe  chioT  featorea  of  the  Swartz  ayitem. 
;  Campht  ffendiu,  t.  62,  1B76. 
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§  166.  (4.)  Heating  and  then  Cooling.'—A  yery  perfect  process  of 
preserving  milk,  if  the  temperature  used  had  only  been  sufficient, 
was  patented  in  1857,  by  Joseph  House,  No.  15.  He  evapor- 
ated down  to  I  of  its  bulk,  at  a  temperature  not  exceeding  150* 
Fahr.,  in  a  shallow  circular  dish.  The  concentrated  jnilk  was 
then  put  into  tinS)  cooled  artificially  and  soldered  down. 


INFLUENCE  OP  FOOD  ON  THE  QUALITY  AND  QUANTITY 

OF  MILK. 

€  167.  The  influence  of  food  on  the  lacteal  secretion  is  great, 
a  difference  more  especially  appreciated  if  the  produce  of  the 
whole  milk  be  taken  into  account,  and  not  the  mere  percentage 
composition.  Indeed,  in  experiments  on  the  influence  of  food, 
the  mere  composition  of  100  parts  of  milk,  without  the  know- 
ledge of  the  total  amount  secreted,  is  not  only  useless,  but  mis- 
leading, and  has  caused  many  erroneous  conclusions. 

It  appears  established  that  abundance  of  suitable  food,  with 
little  exercise,  increases  the  yield  of  milk  in  every  animal,  and 
therefore  increases  all  the  constituents;  while  the  reverse  de- 
creases the  yield,  and  therefore  decreases  all  the  constituents. 
The  increase  of  the  total  solids,  when  a  highly  nitrogenous  sub- 
stance like  flesh  is  given  to  a  herbivoroiis  animal,  is  remarkable. 
Thus,  Weiske  obtained  daily  739  grms.  of  milk  from  a  goat  fed 
on  potatoes  and  straw,  but  on  the  addition  of  a  little  powdered 
fibrine  to  the  same  weight  of  food,  1054  grms. 

Dumas  considered  it  proved  by  his  experiments*  that,  when 
bread  was  given  to  a  bitch,  her  milk  then  contained  milk-sugar, 
but  when  carbo-hydrates  or  starchy  substances  were  withheld, 
and  flesh  given,  then  there  was  no  milk-sugar,  and  that  in  all  the 
camivora  lactic  acid  took  the  place  of  lactose  (milk-sugar).  It 
would,  however,  appear  that  this  teaching  is  erroneous  ;  for  most 
certainly  the  milk  of  animals  fed  exclusively  on  flesh,  does  con- 
tain milk-sugar,  and  it  is  probably  of  albuminous  origin. 

Beuschf  has  found  milk-sugar  in  the  milk  of  a  bitch,  the 
sample  being  drawn  on  the  eighth,  twelfth,  and  twentieth  days  of 
an  exclusive  flesh  diet  Subbotin  X  found  the  sugar  in  a  bitch's 
milk  to  be  3*41  per  cent  when  fed  on  potatoes,  and  2*49  when 
fed  on  meat;  but  since  on  the  latter  diet  there  was  a  far  greater 
yield  than  on  the  former,  the  real  fact  was  that  the  flesh  increased, 
not  diminished,  the  sugar. 

*  CompUM  Rendw,  t  xvii;  p.  585,  1843. 

t  Beusch  :  Ann.  der  Chemie  u,  Pharmade^  IxL,  s.  221,  1874. 

X  Subbotin  :  Arch,  fUr  Path,  Anaiom,,  xxxvi,  a.  561,  1866. 
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The  comiectimi  of  fet  with  the  food  Mten  by  the  cow  formed 
the  subject  of  an  iutareating  controversy  between  Liebig  and  the 
French  chemists.  MM.  Dumas,  Boussingault,*  and  Payen  made 
several  experiments  onseven  cows.  These  cows  furnished  annuaUj 
17576  litt^sof  milk,  specific  gravity  1035;  the  weight,  therefore,  ot 
the  milk  was  about  18191  kilos.,  and  the  fat  produced  was  37  per 
cent.,  or  67-t  kilos,  annually.  The  food  supplied  to  the  animals 
was  38325  kilos,  of  hay,  and  the  fat  contained  in  the  food  the 
authors  calculated  not  to  exceed  766  kiloe.,  and  then  proceeded  to 
draw  the  conclusion,  that  this  milk-fat  was  derived  solely  firom  fat 
in  the  food  eaten.  Liebig  replied  to  their  paper,  and  showed  that 
H  cow  nourished  with  15  kilos,  of  potatoes  anil  7-5  of  hay,  j-eceived 
in  six  days  756  grms.  of  fatty  matter;  but  tbeexcpementsfnmishod 
747-56  grnis.  of  fat,  and  the  cow  yielded  3116  gnus,  of  butter. 
Hence  the  supposition  was  impossiblaf 

Kuhne  fed  cows  on  fat-rich  and  fat-poor  foods  for  some  tim» 
with  entirely  negative  results. 

We  have  also  the  extremely  valuable  experiments  undertaken 
some  ye;irs  ago  by  Dr.  Lyon  Playfair,  in  which  the  food  given  to 
the  cow  was  carefully  weighed,  and  the  milk  produced  was  alao 
weighed  and  analysed.  The  experiment  lasted  five  days,  and  the 
following  is  a  summary  of  the  results  : — On  the  second  day,  the 
cow  received  food  which  contained  '486  lb,  fat,  but  the  butter 
produced  was  '969  lb.,  so  that  '483  lb.  (even  supposing  the  iiit  - 
taken  in  with  the  food  to  have  been  elaborated  into  butter)  must 
hare  been  derived  from  other  sources.  On  the  third  day  the  cow 
received-— 

23  lbs.  hay  =         -426  tat. 

2-6  lbs.  oatmeal      =         -050   „ 

81b«.  of  beat)*       =        -066  „ 

Total,  '642  fat 

But  the  butter  amounted  to  '9  lb.,  much  in  excess  of  the  fat 
taken  in.  On  the  fourth  day,  the  butter  amounted  to  1-36  lb., 
the  fat  in  the  food  to  364  lb.  On  the  fifth  day,  the  butter  was 
1-203  lb.,  the  fat  in  the  food  -29  lb.  The  total  result  being 
that  the  cow  received  r682  lb.  fat  in  its  food,  and  yielded 
4-429  lbs.  fat  in  its  milk,  giving  2'747  lbs.  in  excess  of  that 
received. 

Weiake  fed  a  goat  aa  follows : — During  the  first  period,  it  had 
1500  grma.  of  potatoes  and  375  grius.  of  chopped  straw,  when  the 

*  "BeoherchMmrrBngnunementdwBeatiaaxet  la  Formation  da  I^t" 
nar  MM,  Doinai,  Boiunngaalt,  et  Fayen:  Compta  Batdnt,  t.  xvi, 
p.  340.  ISO. 

-ztL,  P.6S3. 
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yield  of  milk  daily  was  739  grms. :  of  fat,  19*96  grms. :  in  the 
next  period  (25  grms.  of  flesh-meat  were  added) ;  this  brought 
the  milk  up  to  1054  grms.,  and  the  daily  yield  of  fat  to 
33*21  grms.  Instead  of  the  flesh-raeat,  250  grms.  of  bran  and 
125  grms.  of  oil  were  next  added ;  but  this  decreased  the  yield  of 
milk  to  half  the  former  quantity — yIz,,  588  grms.,  the  fat  being 
29*74  grms.  Instead  of  the  oil,  85  grms.  of  stearic  acid  was 
added  ;  the  milk  diminished  slightly  in  quantity,  506*2  grms.  of 
milk  being  obtained,  and  22*30  fat. 

The  most  extended  series  of  experiments  on  the  influence  of 
food  on  the  fat  of  milk  and  on  the  total  yield  are,  however,  those 
of  Fleischmann  and  P.  Yieth.  They  observed  and  registered  the 
daily  yield  of  milk,  the  percentage  of  &t,  the  specific  gravity,  and 
the  diiSTerence  between  the  morning  and  evening  milkings  under 
different  diets  in  a  herd  of  1 19  cows.  The  observations  continued 
a  whole  year. 

The  herd  was  of  the  dun-red  Mecklenburg  breed.  Their  aver- 
age weight  during  the  stall-feeding  season  being  453*5  kilos. 
(999*7  lbs.).  Their  dry  period  averaged,  for  each  cow,  fifby-five 
days,  and  the  yield  of  mUk  of  the  whole  herd  was  2582*34  kilos. 
(5692  lbs.)  each,  or,  expressed  in  gallons,  550  gallons.  During 
the  first  period,  from  January  1  to  March  5,  their  food  con- 
sisted of  12  kilos.  (26*4  lbs.)  of  chopped  fodder — viz.,  one-fiflh 
clover  hay,  one-fifth  meadow  hay,  three-fifths  oat  and  barley 
straw,  together  with  *875  kilo.  (1*92  lbs.)  long  oaten  straw, 
1  kilo.  (2*2  lbs.)  wheat  bran,  and  1  kilo.  (2*2  lbs.)  cocoa-nut 
cake.  The  same  rations  were  continued  to  May  15,  with  the 
slight  addition  of  0*375  (3-2  lbs.)  of  flesh-meat.  From  October  15 
to  December  31,  the  rations  consisted  of  4*165  kilos.  (9*1  lbs.) 
clover  hay,  1*75  kilos.  (3*85  lbs.)  meadow  hay,  5*985  kilos. 
(13*18  lbs.)  oaten  straw— all  long,  *5  kilo.  (1*10  lbs.)  cocoa-nut 
cake,  *5  kilo.  (1*10  lbs.)  rye-meal.  The  main  results  of  the 
experiments  are  tabulated  on  the  next  page  (Table  XVI). 

It  will  be  seen  that  the  fat  was  considerably  more  during  the 
2nd  and  3rd  periods — viz.,  from  March  to  July,  when  flesh  meat 
was  a  constituent  of  the  food ;  besides,  those  months  were  of  a 
pleasant  temperature,  therefore  moderate  warmth  and  a  nitro- 
genous diet  contributed. 

The  numerous  experiments  quoted  show  very  conclusively 
that  the  main  fat-producing  foods  are  to  be  found  among  those 
that  are  highly  nitrogenised,  and  that  the  farmer  who  desires 
to  increase  his  yield  of  cream  must  certainly  choose  the 
nitrogenised  rather  than  the  starchy  or  &tty  foods.  Stall- 
fed  cattle,  as  a  rule,  give  more  fiEit  than  tboae  W^^  %x^  '^^^ 
BtaU'fed,  for  a  portion  of  the  &t  appears  to  \>e  divotte^  V>V^^^ 
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MiumCtrw. 

Fai™ 

■  c™. 

Be™. 

X.n. 

n™ 

En. 

LbL 

LU. 

LbL 

U... 

L  Jan.  1  b>  March  5, 

7-70 

7-28 

■98 

■2S 

SlaU-feeding. 

IL  Mir.  5  to  iUj  IS, 

8-S4 

8« 

■28 

■27 

Additkn  of  flMh- 

IIL  May  15  to  July  15. 
61  days.        .        . 

9t3 

9-66 

■31 

■30 

Paaturage  on  earn- 

IV.  July  15  to  Oct  16. 

92  i*yt. 

7-39 

719 

■24 

■H 

V.  Oct.  IS  to  Deo.  31, 
77  day.,        .        . 

Day's  avemae,    - 

5-8t 

5M 

■20 

■19 

gnu 

15-630 

1 

TABLE  XVn. 


„.„„..„,=„.„„. 

^  Pu? 

zr- 

"y«^J**" 

DXILI      ' 

Puddciim; 

Sopertor. 

Inreilor. 

iDfarior. 

L  Feb.  22,  Maroh  1, .  j 

1065 
1087 

1039) 
10421 

9-48 

6-49 

II.  March  19,     . 

1097 

1072 

1023 

671 

IIL  M-reh  27,      .        . 

1U8 

loss 

9-54 

612 

IV.  April  S,         .        . 

1112 

1118 

8-99 

6-31 

V,  April  14,       . 

lOM 

1086 

8-33 

6-09 

VI.  AprU  22, 

1116 

1098 

7-45 

572 

2-7 

Food.—l.   18  Iba.  of  brewera'  graini,  36  Ibi.  mauKoIds,  and  25  lbs.  o«t- 

IL  5-4  lbs.  rape-cake,  36  Ibi.  mangolds,  25  lbs.  oat-straw. 

Ill-  4-5  lb«.  niie  cake,  36  Iba.  mangolds,  25  Ibi-  uat-Btraw. 
rV.   18  Iba.  brewers'  graini,  36  lbs.  mangoldH,  25  Iba.  oat-atraw. 
^    18  lb*,  brewen'  grains,  45  ^ir-  iakii^\&*,l:5  Vt*.  cwA-i  ~ 
Dm.  brawnW  gniua,  4&  Um.  mam^VU,  ^'Oa.  « 
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up  the  heat  of  the  body,  therefore  it  is  a  matter  of  practical 
economy  to  keep  cattle  warm  in  the  winter.  Similarly,  the  yield 
of  milk  becomes  less  in  quantity  and  poorer  in  quality,  if  cows 
are  allowed  in  the  summer  to  be  teased  by  dogs  or  flies,  or  in 
anyway  compelled  to  take  much  exercise. 

Struekmann  made  some  very  valuable  experiments  in  1859 
upon  cows  of  good  breed,  "  superior,"  and  cows  of  an  "  inferior  " 
breed.  The  method  of  feeding  and  the  results  are  tabulated  in 
annexed  table  (XVII). 

The  conclusions  drawn  are — 

(1.)  That  most  milk  is  produced  by  a  diet  of  5*4  lbs.  rape 
cake,  36  lbs.  mangolds,  and  25  lbs.  oat-straw. 

(2.)  That  a  reduction  of  9-lOths  lb.  of  rape-cake  diminished 
the  milk  of  the  superior  cows,  the  eight  cows  in  the  3rd  period 
yielding  about  a  gallon  less  milk  daily ;  hence,  1  lb.  of  oil-cake 
produced  1*2  lbs.  of  milk. 

(3.)  In  the  sixth  series,  the  cows  received  6  lbs.  less  brewers' 
grains,  which  diminished  the  produce  to  the  extent  of  about 
1-1 0th  of  a  gallon  ;  thus,  1  lb.  of  brewers*  grains  produced  about 
a  quarter  of  a  pound  of  milk. 

(4.)  In  the  first  and  third  series,  very  nearly  equal  quantities  of 
milk  were  produced.  In  both  sets  the  same  quantity  of  mangold- 
wurzel  and  oat-straw  were  given  ;  18  lbs.  of  brewers'  grains  of 
the  first  series  were  replaced  in  the  third  by  4*5  lbs.  rape-cake ; 
hence,  1  lb.  of  rape-cake  equals  4  lbs.  of  grains  in  milk-producing  * 
power.  The  authors  noted  that  rape-cake  produced  milk  richer 
in  butter  than  that  obtained  from  cows  fed  on  brewers'  grains ; 
but  the  butter  in  the  last  case  had  a  better  flavour.  It  iS  curious 
to  note  that  the  superior  breed  was  more  afiected  by  change  in 
diet  than  the  inferior  : — In  the  first  period,  the  four  superior  cows 
gained  100  lbs.  in  weight,  and  yielded  343  gallons  of  milk  ;  the 
four  inferior  gained  304  lbs.  and  yielded  227*2  gallons  of  milk  ; 
or,  to  put  it  in  another  form,  in  thirty-six  days  the  superior  cows 
produced  115*8  gallons  more  milk,  and  gained  204  lbs.  less  live 
weight  than  the  inferior  ;  from  this  it  would  appear,  that  5^ 
lbs.  of  milk  were  replaced  by  1  lb.  of  flesh. 

§  168.  The  colouring  and  the  alkaloidal  and  active  principles 
of  plants  impart  their  distinctive  properties  somewhat  readily  to 
inilk.  Thus  it  has  long  been  noticed  that  browsing  on  certain 
plants  affects  the  colour  of  milk  :  CcUtha  pcUustriSf  saffron,  and 
rhubarb  colour  it  yellow ;  rhubarb,  opuntia,  and  Rubia  tinctorium^ 
red  ;  Myoaotia  pcUustria,  polygonum,  and  Anchusa  equisetum^ 
blue.  Purgative  vegetables,  such  as  rhubarb,  or  even  the 
juices  of  acid  fruits,  taken  by  a  suckling  womaxi  a\mo«\*  \xkN«.r\Ar 
bly  AiFect  the  m&nL     There  are  instauoea  of  xaiXk.  X^^^oidlVCl^ 


ft  «.«  V  *  V^  A  A  v7  • 


instances  of  cows  yielding  milk  quite  unfit 
consequence  of  tlie  animals  having  inhaled 
of  a  dead  and  decomposing  cow.     Mr.  A.  H. 
that  the  milk  of  cows  fed  on  sewage  farms 
no  details  as  to  the  manner  in  which  the  sa 
are  given,  and  the  explanation  may  be  tha 
milk  was  not  due  to  the  grass  eaten,  but 
oow  were  fouled  by  decomposing  8ubstan< 
with  the  milk  and  infect  it.     A  most  notal 
related  by  X.  A.  Willard.) 

In  a  large  American  cheese-fleM^ry  mucl 
by  decomposition  of  the  milk.     The  causi 
to  one  farm,  and  it  was  ultimately  satisfa 
that  the  animals  every  day  walked  througb 
matter  adhered  to  the  teats,  there  dried,  ai 
the  milk,  with  the  usual  result,  so  that  t 
cleanliness  in  some  of  the  details  of  milking  i 
in  mind  in  such  inquiries,  and  especially  the 
bacteria  on  the  external  skin  of  a  co^  expo 
tions.     The  subject  is  of  great  importance 
inquiry.     In  any  future  experiments  as  to  tl 
manured  with  sewage  on  cows'  milk,  the  tee 
be  washed  with  a  solution  of  some  disinfecti 
ing  the  milking,  and  more  than  ordinarv  t 
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when  administered,  was  detected  in  milk  by  Marohand,  Lewald, 
ChevaUier,  and  Henry.  Lewald  gave  15  gnus,  of  potassium 
iodide  to  a  cow,  and  its  presence  for  four  days  afterwards  was 
detected  in  the  milk ;  21  grms.  were  then  given,  and  the  drug 
oonld  be  detected  so  long  as  seventy-two  hours  ailerwarda  On 
administering  it  again,  it  was  found  in  the  milk  for  eleven  days. 


THE  QUANTITY  OF  MILK  GIVEN  BY  THB  COW, 
THE  METHOD  OF  FEEDING,  &o. 

§  170.  The  capacity  for  milk  of  the  udder  of  the  cow  is 
usually  estimated  at  about  3  litres  ['66  of  a  gallon,  or  a  little 
more  than  5  pints].  The  quantity  of  milk  secreted  is  about  three 
times  this  amount,  but  varying  in  individual  cows,  and  depending 
on  circumstances,  such  as  the  breed,  the  health,  the  size  of  the 
oow,  the  time  after  parturition,  and  the  nature  and  quantity  of 
the  food  given. 

§  171.  The  breeds  in  England  most  approved  of  are  the 
Aldemey,  Ayrshire,  Holderness,  Kerry,  and  Suffolk.  In 
Germany,  the  Swiss,  Allgauer,  and  Dutch  cows  appear  to  be 
the  favourites.  Some  careful  estinuites  of  the  amount  yielded 
by  different  breeds  of  Continental  cows  have  recently  been 
published  as  follows : — 


TABLE  XVin.— AVERAGE  YIELD  OF  MILK.* 


Aubaoher, 

MOnthaler, 

VoigtUoder, 

SimmentluJer,  . 

Saxony, 

Walxtbaler, 

Pinigaaer, 

Swias, 

Allgftner-Montafuier, 

All^laar,   . 

Olcbobarger, 

Dntch, 


Litres  per 
year. 

QftUoni. 

Avertm 
yieldlii 
galloue 
per  day. 

1284 

28307 

•77 

1500 

33070 

•90 

1600 

86275 

•95 

1690 

372-59 

1-01 

2023 

44601 

1^ 

2272 

500*90 

1-36 

2:^ 

515  45 

1-40 

2625 

578-70 

1-60 

2697 

594-60 

1-62 

2710 

597  47 

1-62 

2751 

60651 

1-65 

2906 

640-68 

174 
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(juiintity  augmenting  during  the  first  two  < 
•  liininishing  towards  the  end  of  the  third  or 
wards  the  seventh  month  the  quantity  sinks 
the  ninth  and  tenth  months  it  is  often  reduc 
of  the  quantity  secreted  at  first.  On  the  i 
the  milk  ceases  altogether. 

The  age  of  the  animal  has  some  influent 
secreting  less  than  mature  adult  cows.  It 
ccBteris  paribus,  the  larger  the  cow  the  greatc 
Mr.  Ockle  of  Frankenfeld  took  four  Dutch 
weighed  2112  lbs.,  and  two  others  only  153' 
on  the#8ame  food,  and  submitted  them  to  si 
sixteen  days.  The  results  of  this  expenme] 
the  following  table*: — 


No. 


Wtlghtatoom-    ^^.1.*.*     Oi 
menoementof     ^®l€v**     ^ 


experiment. 

OUtt. 

Ibfl. 

lbs. 

Two  heavy  cows,    . 

2112 

2102 

Two  light      „ 

1537 

1537 

Prodaoe  in  mf 
per  100  lbs. 
Green  Laoern 
QaUs.  Pints.  Oa 

Two  heavy  cows,    . 

•        t 

.    1       3     16 

Two  light      „ 

•       • 

.    1      11     16 

§  172.  The  feeding  of  milking-cows  varies  s* 
to  local  circumstances.      In   town  dairies  b 
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oil-cake  is  used,  3  to  4  lbs.  a  day  are  given  either  with  the 
mangolds,  or  in  a  gruel  with  the  grains.  In  the  country  the 
chief  dependence  is  placed  on  hay,  mangolds,  barley-meal  and 
bean  or  Indian  flour ;  in  the  summer,  abundance  of  green  food 
IB  given,  such  as  dover,  vetches,  cabbage,  &c 


CREAM. 


§  173.  Milk  on  being  allowed  to  rest  for  some  time  becomes 
covered  with  a  yellow  fatty  layer,  known  as  cream.  In  compo- 
sition it  fairly  agrees  with  ordinary  milk,  save  that  it  contains 
a  large  percentage  of  fat,  and  that  there  is  also  a  somewhat 
relatively  higher  percentage  of  caseine  and  albumen.  The  albu- 
minoids have  a  tendency  to  separate  partially,  and  mechani- 
cally adhere  to  the  fat ;  for  example,  the  author  found  the  average 
composition  of  Devon  cream  as  follows : — 

Per  cent 

MUkist, eS-Oll 

Caseine, 8*530 

Albumen, *521 

Galactine, "OSO 

Lactochrome, Undetermined 

MUk-sugar, 1*723 

Water, 28*676 

Ash, -490 

Chlorine  in  Aah,        .        .        .     "013 
Calcic  Phoephate,       .  .     -373 

It  will  thus  be  seen  that  the  milk  has  thrown  up  caseine  with 
the  fat,  for  if  we  allow  that  ordinary  milk  contains  86*87  of 
water  and  3*98  per  cent,  of  caseine,  then  the  amount  of  caseine 
in  the  cream,  if  none  were  separated,  would  be — 

Water.    Caaeine.    Water.        Caaeina 
86-87    :    3*98    :   28*675    =>    1*31 

But  the  cream,  instead  of  containing  1*31  per  cent,  actually 
contains  2*22  in  excess  of  this  quantity. 

The  amoimt  of  albumen  strictly  follows  the  caseine,  for  the 
ratio  of  caseine  to  albumen  in  mUk  being  as  3*88  is  to  '77,  the 
theoretical  yield  of  albumen  in  this  particular  case  would  be  '66, 
the  amount  actually  found  being  about  *1  "per  oeut.  \o^^t  ^vdl 
this  eatunata 


J 


..  «ii«r.      bagar.       >Vater. 
86S7     :     40      :      2S'7 

which   does   not  deviate  very   consider 
actually  obtained — viz.,  l'723w 

DeYon  cream  is  of  the  oonsisteiioe 
ooYered  with  a  skin-like  lajer  of  part 
fitttj  matter.     This  cream  is  produoec 
in    large    pans,    at    a    gentle    heat,  fi 
temperature  Lb  alwajrs  £ur  under  boilii 
saffidentlj  high  to  arrest  fermentation, 
moderate  heat  daring  a  lengthened   t 
ooaJesoe  and  rise  more  rapidlj  than  the  o 
cream  is  preserved  in  some  degree  from 
lactic  ferment,  and  will  keep  perfectly  a 
in  warm  weather,   provided  always  thai 
is  not  destroyed  nor  distarbed;    as  wh 
especially  if  the  top  portion  be  mixed  th< 
lactic  fermentation  ia  very  rapid. 

Ordinary,  or  raw  cream,  is  either  cream 
way,  that  is,  by  allowing  the  milk  to  re 
ordinary  temperatore;  or  it  is  separated 
scientific  processes,  such  as  the  action  o 
machines.  Cream,  as  thus  produced,  is 
liquid,  containing  a  variable  amount  of  i 
12  to  50  per  cent.  As  a  rule  the  "  solids  i 
the  same  ratio  to  the  water  as  in  milk ;  a 
between  the  casein  A  o1k« 
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will  be  foand  in  drying  tbe  cream  in  order  to  estimate  the  water, 
unless,  for  this  purpose,  quantities  so  small  as  a  gramme  are  taken. 
This,  spread  out  in  a  thin  layer  on  a  platinum  dish,  dries  easily 
enough  at  the  temperature  of  100^  Should  larger  quantities 
for  any  reason  be  taken,  it  will  then  be  necessary  to  treat  the 
cream  after  partial  drying  with  petroleum  ;  extract  the  fat,  and 
then  dry  the  fat  and  the  ''  solids  not  fat "  separately — the  fat  at 
about  105^,  the  "solids  not  fat"  at  100**;  the  loss  is  then  considered 
as  water.  Cream  can  be  also  readily  dried  in  a  vacuum,  as  in 
the  process  given  at  p.  234. 

The  author  has  met  with  artificial  cream,  made  of  albumen  and 
ordinary  cream,  and  coloured  feebly  with  what  was  probably  the 
colouring-matter  of  the  carrot.  With  a  view  to  detect  this  fraud, 
it  will  be  advisable,  in  every  case,  to  estimate  the  albumen,  since 
the  albumen  of  milk  has  a  tolerably  definite  ratio  to  both  the 
caseine  and  the  water.  Thus,  in  the  analysis  of  milk  on  p.  278, 
before  the  cream  was  abstracted,  the  proportion  of  milk-fat  to 
water  was  as  '68  to  87*55,  or  '77  to  100  of  water  ;  while,  in  the 
cream,  the  fat  was  in  the  proportion  of  '57  to  100  of  water ;  in 
other  words,  the  values  in  each  case  fairly  agreed.  The  ratio  of 
the  albumen,  also,  to  the  caseine,  which  in  the  milk  before  skim- 
ming was  1:4,  in  the  cream  was  1  :  5*8.  In  creams  made  np 
from  white  of  eggs,  &c.,  these  relations  by  no  means  hold  good ; 
the  albumen  may  predominate  above  the  caseine,  or  be  nearly 
equal  to  it  in  quantity.  Great  caution  must,  however,  be  taken 
in  the  using  of  certificates  based  solely  on  high  albumen ;  for  it 
may  occasionally  be  a  natural  product,  although  it  may  well  be 
dottbted  whether  a  cow  secreting  albumen  instead  of  caseine,  or 
in  fovrfeld  amount,  is  not  either  locally  or  generally  diseased. 


8KIM-MILK. 

§  174.  Skim-milk  is  simply  milk  which  has  been  partimlly 
deprived  of  milk-fat.  The  processes  in  use  are  somewhat 
various.  The  old-fashioned  method  of  allowing  milk  to  stand, 
and  then  removing  the  cream  from  the  surfieice  by  skimming,  is 
giving  place,  in  large  establishments,  to  centrifvqo^al  apparatos, 
by  whidi  a  far  more  perfect  separation  of  the  milk-fat  is  effected. 
The  composition  of  skim-milk  compared  with  the  milk  in  its 
original  state  is  well  seen  in  the  following  analyses  by  W. 
Fleiaohmann : — 


foods:  THKtK  COltPOBITION   AKD   ANALTSIS. 


Frt,  .        .        .        . 

3-64 

67-63 

'<«« 

Cueine,     .        .        . 

273 

1-17 

S'88 

Albumen,  . 

-68 

■25 

-49 

SORM,          . 

4<9 

2-25 

S-34 

A.hr   .  .  . 

■71 

■12 

■72 

WriBT.         .           .           . 

S7-C6 

28-58 

9011 

Total  iolid.,       .        . 

12-45 

71-42 

9.89 

"  8oUd<  not  &t,"       . 

8-81 

3-79 

943 

fl 

S'88  ^M 

-49  H 

S-34  ■ 

-72  ■ 

90-11  B 


Thus,  by  the  operation  the  pro]>ortion  of  "  solids  not  (at "  has 
been  iomewhat  raised,  and  this  is  constaDtly  observed,  bo  that 
the  Public  Analysts  Society's  limit  of  9  per  ce»t.  of  "  aolids  not 
fat "  is  a  triSe  too  low  for  skim-milk: ;  that  is,  a  slightly  watered 
milk,  when  skimmed  and  sold  as  skim-milk,  might  be  found  up 
to  the  standard. 


CONDENSED  MILKS. 

§  175.  A  variety  of  "condensed  milks"  are  found  in  com- 
merce, of  which  the  majority  are  simply  milks  dried  in  vacuo  at 
a  moderate  temperatare,  then  heated  up  to  100°,  in  order  to 
destroy  mould,  and  mixed  with  cane-sugar.  There  are  also 
concentrated  or  condensed  milks  without  any  addition  of  sugar 
or  other  substance.  The  analysis  of  condensed  milks  differs  in 
no  respect  from  that  of  ordinary  milk,  save  that  it  will  be  abso- 
lutely necessary  to  estimate  the  milk-sugar  by  copper,  and  then 
to  calculate  the  cane-sugar  either  by  difierenoe  or  in  the  way 
given  at  p.  262.  Unless  the  cane-sugar  is  estimated,  it  is  not 
possible  to  calculate  the  amount  of  concentration  to  which  the 
original  milk  haa  been  subjected.  This  calculation  is  made  by 
dividing  the  milk  "  solids  not  &t "  by  9,  or  the  amount  of 
"  solids  not  fat "  present  in  ordinary  milk.  It  is  better  to  take 
this  number  than  the  higher  estimate  of  9-2  or  9-3  ;*  for,  in  the 
majority  of  instances,  it  is  certain  that  there  is  some  decomposi- 
tion and  loss  of  the  milk  solids  dnring  the  evaporation.  The  aah 
of  the  milk  should  also  be  carefully  examined  for  alkaline  car- 
bonates. If  these  are  present,  then  the  probability  is  that  on 
impure  ash-containing  cano^ugar  has  been  employed,  and  if  so, 
an  exact  conclusion  as  to  the  concentration  of  the  milk  cannot 
be  arrived  at.  The  following  table  gives  some  analyses  of  con- 
densed milks,  with  their  amount  of  concentration,  the  latter 
being  determined  by  dividing  the  "  solids  not  &t "  column,  as 
jwat  stated,  by  9  : — 
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view  ot  the  misstatements  as  to  the  C( 
to  be  found  on  many  Libelled  tins  of 
assertions  are  not  in  their  nature  misle. 
do  not,  therefore,  come  iinder  the  Sale  ol 
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KOUMISS. 

§  176.  Koumiss  is  an  alcoholic  drink 
Uon  of  milk ;  it  is  prepared  by  the  non 
(especially  by  the  Tartars)  from  the  n 
that  of  the  camel :  it  is  also  manu&ct 
The  preparation  of  koumiss  by  the  Ta 
ten  parts  of  fresh  warm  milk,  with  a  L 
to  one  part  of  milk  which  is  already 
contains  lactic  ferment — and  the  whole  is  i 
or  three  hours  with  repeated  stirring.    * 
taking  place  seem  to  be  a  partial  decomposi 
lactic  acid,  the  development  of  carbon  dio 
possibly  certain  changes  in  the  albuminoids, 
into  peptones.     The  composition  of  koun 
derived  from  such  different  sources,  is  varii 
are  as  follows : — 
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LEGAL  GASES  RELATIVE  TO  MILK. 

{  177.  The  following  convictions  are  of  interest : — 

Appeal  Com,  in  which  the  defence  was,  thai  the  milk  had  been  deprimdiifeream 
from  being  unintentionally  skimmed  by  serving  the  ewAomere. 

This  ease  occnrred  at  the  Liverpool  Sessions,  and  is  fully  reported  in  the 
AnalyiA,  1877,  p.  214. 

Dr.  Ounpbell  Brown  prored  that  the  milk  was  deprived  of  its  orsaniy  the 
^ipellant  affirming  that  the  milk  had  been  put  into  an  eighteen-gallon  can, 
without  the  slightest  sophistication,  and  thitt  the  cream  had  been  abstracted 
by  serving  the  customers. 

The  Recorder  said.  Nobody  would  convince  him  that  a  milk-dealer  could 
not,  if  he  liked,  take  care  that  each  of  his  customers  should  get  a  fair  pro- 
portion of  cream.  ...  He  was  perfectly  certain  that  the  milk  had  not 
been  skimmed,  but  that  it  had  been  weakened  by  the  process  of  selling  to 
the  earlier  customers.  He  was  certain  that  when  the  appelUmt  sold  the 
mUk  to  the  earlier  customers,  he  knew  he  was  abstracting  the  cream  from  it — 
not  skimmios  the  milk,  but  abstracting  the  cream,  although  with  no  frandalent 
intention.  He  was  equally  certain,  too,  that  the  appellant  sold  the  residnnm 
of  the  milk,  knowing  that  it  had  been  reduced  to  the  condition  in  which  it 
was  when  he  sold  it.  He  was  quite  satisfied,  therefore^  that  an  offence  had 
been  committed  against  the  Act  of  Parliainent.  .  .  .  The  conviction 
was  ooniirmed. 

The  officials  at  Somerset  House  have,  in  an  appeal  case,  also  declared  their 
belief  in  the  fact  that  milk  on  being  served  from  a  can,  in  the  usual  way, 
may  have  the  top  layer  of  cream  entirely  abstracted.  The  writer  has 
always  had  doubts  about  this,  for  the  difference  of  specific  gravity  between 
the  cream  and  the  solution  of  the  other  milk  solids  is  not  great,  and  the 
■iei«  use  of  a  dipner  in  servinff  the  milk  stirs  it  up  sufficiently  to  render 
tto  removal  imuroDable.  We  nave,  however,  at  least,  one  definite  experi* 
ment  on  this  suoiect. 

Mr.  Carter  Bell  states,*  *'One  day  in  July  I  bought  two  gallons  of  milk, 
and  Mialysed  it,  and  found  100  cc.  to  have  the  composition  of— 


Total  solids. 
Fat,     . 
*'SoUdsnotfat," 


12*30 
270 
9*60 


The  milk  was  put  in  the  cellar,  and  at  every  hour  from  nine  in  the  morning 
till  twelve  o'clock  at  night,  one  pint  of  milk  was  taken  out  at  the  commenoe- 
ment  of  each  hour,  and  a  portion  of  each  pint  was  analysed.  In  taking  ont 
the  pint,  great  care  was  taken  not  to  stir  the  milk,  the  measure  was 
simply  dipped  into  the  milk  and  taken  out.  The  whole  experiment  was 
conducted  throughout  in  favour  of  the  milkman,  and  acooraiug  to  these 
experiments  it  is  more  advantageous  for  customers  to  be  late  than  early." 


Total  eolida 

Fat 

8  o*clock  in  the  morning,. 

12-30 

2-70 

V           f,                           „               .            •            1 

12*68 

808 

10        „                   „          .        .        . 

12-68 

8^ 

11        „                   

12-70 

8-10 

12        „                   „          .        •        . 

1270 

8-10 

•  AmdytA,  Ko.  21,  DeoenV 

BT,  1877,  p.  162. 

9 
10 
11 
12 


Mamffadwrt  qf  New  MUk  from  < 

The  only  interait  of  the  following  omo  Um  in  tl 
the  tricks  of  the  trade.    AmenwessHmmonedby 
ior  adding  dirty  water  to  milk.    The  prisoner  did 
bat  eross-examined  the  prosecutor,  to  show  thi 
in  the  habit  of  making  his  men,  when  the  m 
water  a  quantity  of  white  stuff  that  was  kept  in 
to  the  ciistomers  to  make  good  the  defidencV  in  i 
The  process  he  called '*(Ae/al»'' of  the  trade,    'j 
that  ne  kept  condensed  milk  to  make  up  the  snppL. 
too  greats  the  "white  stuff"  referred  to>y  the  prw 


Novel  l>tfenee, 

A  defence  was  set  up,  in  a  Swansea  case,  that  the 
owing  to  its  haying  been  taken  from  a  cow  a  few  hi 
been  milked  dry.    Mr.  Moigan  instituted  experimi 
eighteen  experiments  on  the  same  oow  the  following 


Total  solids— 

Highest, 

Lowest, 

Average^ 
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AduUeraUon  ofMUk  toUh  Cane  Sugar  and  Water, 

At  the  Colomb  Pett^  Sessions,  in  Jan.  7,  1879,  a  milk-dealer  was  snm- 
mimed  for  the  above  offence.    The  composition  of  ihe  milk  was  :— - 

Water, 87-63 

Milkfat, 3-00 

Caseine, 2*90 

Cane  sugar, 2*80 

Milk-sugar, 8*10 

Ash, -37 

The  summons  was  dismissed  on  the  ground  (which  has  since  become  unten- 
able) that  the  purchase  being  admittedly  for  analysis  and  not  for  consump- 
tion, the  purchaser  was  "not  prejudiced."— ^na/y«(,  1879. 

Dtfence  thai  Rain  had  tnereased  the  quantity  qf  Water, 

In  December,  1880;  a  cowkeeper  of  Hull  was  summoned  for  selling  milk 
adulterated  with  10  per  cent  of  water.  The  defendant  affirmed  that  whilst 
milking  the  cows  in  the  field  on  the  morning  in  question,  it  rained  yery 
heavily,  and  he  thought  that  about  a  pint  of  water  fell  into  each  of  the 
milking  buckets.  The  court  did  not  consider  the  defence  valid,  and  con- 
victed and  fined  the  defendant. — Analyst,  1880. 

Conviaionfor  eeUing  ''Fore'*  MUk, 

In  August,  1877,  a  dairy  proprietor  of  DubKn  was  prosecuted  for  selling 
milk  deprived  of  its  cream.  The  defendant  stated  that  it  was  **  fore  "  milk, 
and  that  he  had  sold  the  "  strippings  "  as  creauL  The  magistrate  expressed 
his  opinion  that  the  milk  should  be  sold  whole, — i,e.,  with  both  "fore''  milk 
and  "  strippings,''  and  fined  the  defendant  £10.* 

Dieeaeed  MUk. 

At  the  Woolwich  Police  Court,  in  December,  1875,  a  dairyman  was  con- 
victed and  fined  £20  for  selling  diseased  milk.  Mr.  Wigner,  the  analyst, 
proved  that  the  sample  had  a  peculiar  colour,  and  that  it  contained  no  less 
than  13  per  cent,  of  lat,  8  *2  **  solids  not  fat, "  and  20  per  cent,  of  blood.  Other 
witnesses  proved  that  the  defendant  had  a  number  of  cows,  and  at  least  one 
of  them  was  suffering  from  foot-and-mouth  disease.  There  was  practically 
no  defenocf 


BIBUOGRAPHT. 

The  general  treatises  enumerated  at  page  43,  all  contain  ai-ticles 
on  milk,  and  may  be  consulted.  The  limits  of  this  work  preclude 
an  exhaustive  bibliography  on  milk — a  list  of  the  more  important 
papers  which  have  been  consulted  in  the  writing  of  the  sections 
on  milk  would  alone  occupy  more  than  a  dozen  pages.  Hence  it 
will  be  necessary  to  limit  the  list  to  the  papers  whicA  have  appeared 
since  1870. 

♦  Analyst,  i,  1877,  p.  82. 

t  Conviction  for  SeUing  liiti  yielded  by  a  Cow  wffering  flrom 
London,  1876. 
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BUTTER. 

§  178.  Canttiiuenta  of  BuUer. — In  the  manafaotnre  of  batter 
the  cream  is  violentlj  agitated  in  a  chum  or  other  suitable  appa- 
ratus, and  in  this  manner  the  thin  membrane*  enclosing  the  &i 
globulea  is  supposed  to  be  ruptured.  The  free  fat  then  coalesces, 
entangling  'with  it  some  caseine  and  serum  ;  the  butter  is  well 
pressed  together  to  free  it  as  much  as  possible  from  moisture,  and 
salt  added  to  assist  its  preservation.  Butter,  therefore,  is  com- 
posed principally  of  milk-fat,  with  a  small  and  variable  quantity 
of  water,  caseine,  and  ash,  the  latter  consisting  chiefly,  but  not 
entirely,  of  the  salt  added. 

The  **/<U"  of  butter  consists  of  a  mixture  of  the  glycerides  of 
the  fatty  acids — palmitic,  stearic,  and  oleic — not  soluble  in  water; 
and  also  of  the  glycerides  of  certain  soluble  and  volatile  fatty 
acids,  principally  butyric,  with  small  quantities  of  caproic,  oap- 
rylic,  and  capric  acids.  It  is  the  association  of  about  7*8  per  cent, 
of  the  triglycerides  of  these  volatile  acids  with  the  glycerides  of 
the  insoluble  acids,  which  gives  to  butter  iat  its  peculiar  and 
distinctive  characters. 

The  different  constituents,  as  well  as  the  physical  character- 
istics, of  butter  or  milk-£Bkt  have  been  already  described  at  p.  203 
6i  seq. 

The  general  composition  of  butter  fat  appears  to  be  as  fol- 
lows : — 

Gltosridbs  Equal  to  Fattt  Acids. 

Olein,  42-21     =     Oleic  Acid.        .        40*40 

Stearin     and  )  eA-iin     .  }  Stearic  aDU  Pal- 
Palmitin,     |  ^ ""    "  j     mitic  Adds,  .        47*50 

87  90  Total  inwlnUe  wlidB. 
Butyrin,    .  7-69    =    Butyric  Acid,  •         6*72 

Caproin,  |  (Caproio,    . 

Gaprylin,  and  >     -10    a  /  Capr^Uc  and  Rntic 
Botin,  I  (     Acidi,  .  T 

100-00    =  94*62  Total  aoid%   oaloa- 

lating  solable  as 
butyrio. 

Pure,  dry  butter  £Btt^  melted  at  a  heat  not  exceeding  100"  Fahr., 
has  at  that  temperature  a  specific  gravity  ranging  from  '91200 
to  '91400 ;  its  fusing  point,  taken  in  the  manner  to  be  described^ 
ranges  from  33**9  to  36**5  C. 

*  Bmsqiis  for  donbti  as  to  the  eiistcnoe  of  thia  UMBB^tiAa  w^  ^^««&^ 
ptigeSOSi 
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The  relative  proportions  of  fat,  caaeine,  and  aalt,  in  genuine 
butters,  may  be  gathered  from  the  following  table,  iu  which  it  is 
seen  that  the  butter  fat  ranges  from  about  82  to  nearly  87-5,  the 
average  given  by  Angell  and  Hehner  being  85-45  per  cent: — 


A  Sample 

flsitcr. 
AmtsUud 
Hetmer, 

BBttH 

fnmilBle 

BaOft        Ballar 
rrom       rrom  WId- 

MMOf 

'ST 

Fat.     ...     . 
Curd,.     .     .     . 
Salt  (Agh),  .    . 
Water,     .     -     . 

82-643 
8137 
2-915 
9 '306 

83-871 
2-721 
0-424 

12-984 

84-740 
3-462 

2-080 
9-709 

85-480 
2-789 
3151 
8-580 

87-223 
2«64 
210S 
8-6IS 

8311 
-8G 

I-I9 

14-14 

■70 

OLE0-MASOARINE,~-BUTrEEIIfE. 

§  179.  Oleo-Uargariue,  Dutch  butter,  butterine,  edible  &t, 
and  similar  appellations,  all  denote  different  varieties  of  a  manu- 
factured article  made  expreaaly  to  imitate  butter.*  It  is  an  im- 
Srtant  industry  in  the  States,  and  is  also  largely  prodnced  in 
olland  (hence  the  name  of  Dutch  butter)  and  in  Belgium.  Aa 
manufactured  in  Chicago,  it  -would  appear  to  be,  at  all  events,  a 
cleanly  article.  Animal  life  is  plentifiit  in  the  States  ;  American 
technical  operations  are  on  a  gigantic  scale,  and  too  much  capital 
is  involved  in  the  matter  to  allow  of  the  uae  of  any  process 
likely  to  disgust  the  consumers.  The  chief  constituent  used  is 
beef-fat,  which  consists  for  the  moat  part  of  stearin,  margarine, 
(so-called),  and  olein.  The  olein  and  margarine  melt  at  a  much 
lower  temperature  than  the  stearin.  Mutton-fat  contains  more 
stearin  than  beef-fat ;  hence,  in  summer,  the  softness  of  beef- 
dripping  as  compared  with  the  solidity  of  mutton-fat.  This  b 
obviously  the  reason  why  the  manufacturer  prefers  beef-fat  The 
process  of  manufacture  is  briefly  aa  follows  : — The  beef-fet,  freed 
first  as  much  as  possible  from  fibre,  passes  in  a  very  finely 
divided  state  from  a  sort  of  mincing-machine,  technically  called  a 
"  hasher,"  to  large  tanks,  where  it  is  melted  by  means  of  water- 
jackets  applied  to  the  tanks,  and  heated  to  a  temperature  never 


f  artifioial  butter. 
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allowed  to  exceed  39^.  The  result  of  this  process  is,  that  the 
fiit  melts  to  a  clear  yellow  oil,  the  water  and  dSbria  sinking  to  the 
bottom,  and  a  thin  scum  of  impurities  rising  to  the  8ur£M>e. 
The  latter  is  skimmed  off,  and  the  yellow  oil  run  into  wooden 
cars,  in  which  the  stearin,  after  a  Uttle  time,  begins  to  deposit 
in  a  more  or  less  crystalline  or  granular  condition ;  the  refined 
fikt  is  then  put  in  a  press-room,  and  kept  at  a  temperature  of  from 
26^*6  to  32**2.  The  oleo-margarine  is  filtered  through  cotton 
cloths,  and  ultimately  pressed ;  the  result  of  which  is,  that  the 
stearin  is  left  behind  as  a  white  cake,  and  is  ultimately  disposed 
of  to  the  candle-maker.  The  oleo-margarine,  at  this  stage,  is 
quite  tasteless,  and  has  no  flavour  of  butter.  This  flavour 
is  given  by  churning  it  with  milk;  lastly,  the  product  is 
coloured  with  annatto,  and  rolled  with  ice,  after  which  it  is 
either  made  up  into  pounds,  or  packed  into  kegs  for  export. 
Arrived  in  this  country,  it  is  either  sold  honestly  as  '<  butterine," 
at  the  price  of  about  a  shilling  per  pound ;  fraudulently,  at  a 
higher  price,  as  butter ;  or  it  is  used  as  an  adulterant  of  butter. 
The  chemical  proportions  of  the  artificial  butter  vary  according 
to  the  fats  used  in  the  manufacture  and  the  details  of  the  process 
employed ;  but  they  all  agree  in  this,  that  when  the  butter  is 
saponified  and  the  acids  set  free,  there  is  a  great  deficiency  of 
soluble  fatty  acids,  as  compared  with  those  of  true  butter-£Btt. 

The  average  percentage  composition  of  dry  butterine-fat  is  as 
follows  : — 

Palmitin, 22*3 

Stearin, 46*9 

Olein, 30-4 

Butyrin,  Caproin,  and  Caprylin,     .        .  *4 

While  the  proximate  analysis  of  commercial  butterine  is  as  fol- 
lows : — 

Water, 12-01 

Pabnitin, 18-31 

SteariD, 38*50 

Olein, 24-95 

Bat3rrin,  Caproin,  and  Caprylin,     .  *26 

Caseine, *74 

Salts, 5*22 
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§  180.  The  only  common  adulterations  of  butter  are  the  sub- 
stitution or  admixture  of  fats  other  than  butter,  and  of  water, 
the  latter  being  either  left  in  the  butter  in  undue  proportion 


noted.      It  will  alsD  be  found 
microsco|.ically.     If  it  liaa  b. 
atid  cocilud  slowly,  crystals  ma 
seek  these  crystAla  is  to  place 
slide,  Add  s  drop  of  castor  oi 
ooTering  glass  bo  as  to  get  a 
polarised  ligbt    TTDderBucho 
present,  there  will  be  seen  < 
potato  starob.    Such  crystals  ai 
that  the  butter  has  been  melted 
unnsnal  prooess  to  melt  butter 
with  other  &ts.     The  rare  adul 
such  as  starches,  Ac,  hy  meohai 
detected  hy  the  microscope. 

rhe  Proximate  Analytia  of  £ 
butter  into  mineral  mattera,  ca 
rsTj  readily  performed. 

10  to  20  grms.  of  the  butter  a 
porcelain  disb,  and  melted  over  a 
at  any  temperature  between  10 
ring,  until  all  effervescence  has  oe 
as  a  stirrer  this  is  easily  effected.) 
Ita  oontente  when  cool,  subtract 
the  loss  equalling  the  water,  ai 
centage.  Keeping  the  butter  foi 
above,  most  be  avoided,  for  it  inc 
ing  ia  an  o»""" — '" 
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of  the  water-bath  until  it  ceases  to  lose  weight.  The  fat  is  next 
melted  from  the  curd  and  salt  (both  of  which  settle  to  the  bottom), 
and  is  poured  ofif  as  far  as  possible,  the  residue  being  thoroughly 
exhausted  by  boiling  benzine,  ether,  or  petroleum,  which  can  be 
eJSected,  if  care  is  taken,  in  the  same  dish  without  transference 
to  a  filter.  On  now  weighing,  the  loss  equals  the  fat.  Lastly, 
the  curd  is  burnt  away  at  a  low  red  heat,  and  the  ash  weighed. 

The  general  analysis  finished,  it  remains  to  consider  the 
results: — 

(1.)  Fat — The  fat  should  not  be  below  80  per  cent.;  any 
figure  under  this  should  justly  be  considered  evidence  of  adul- 
teration. 

(2.)  WcUer. — There  is  no  standard  followed  or  fixed  with 
regard  to  the  percentage  of  water.  In  those  cases  in  which  the 
fat  is  below  80  per  cent.,  the  deficiency  of  fat  is  usually  from 
excess  of  water ;  and  seeing  the  variable  quantity  of  water  found 
in  butter,  it  is  wisest  not  to  certify  on  the  ground  of  water  alone, 
unless  there  is  sufficient  to  lower  the  percentage  of  fat  below  80 
per  cent. 

(3.)  Caseine. — The  average  quantity  of  caseine  is  2*5  per  cent., 
but  it  may  reach  6  to  7  per  cent.,  and  the  higher  the  ]>ercentage 
of  caseine  the  less  likely  is  a  butter  to  keep,  although  this  usually 
is  evidence  of  error  in  the  manufacture  rather  than  of  adul- 
teration. 

(4.)  The  Ash, — This  should  consist  of  common  salt  and  phos- 
phate of  lime.  Butter  is  said  to  be  adulterated  occasioually  with 
sodium  silicate,  and  therefore  the  ash  should  be  fused  with  sodic 
carbonate,  dissolved  in  hydrochloric  acid,  evaporated  to  dryness, 
and  dissolved  in  water.  Any  residue  will  consist  of  silica.  If 
other  mineral  adulteration  is  suspected,  a  complete  analysis  of 
the  ash  may  be  necessary  (see  p.  100).  There  is  no  definite 
standard  fixed  with  regard  to  the  weight  of  the  ash,  but  most 
chemists  agree  that  it  should  not  exceed  8  per  cent 

The  following  are  a  few  examples  of  adulterated  butters,  the 
adulteration  being  detected  8imj)ly  from  the  proximate  analysis : — 


Fat, 

Caseine,  . 
Water,  . 
Salt» 


Devon  Butter. 


78-50 
1-72 

1710 
2-68 


Devon  Batter. 


76-34 
6-60 

13-36 
3-70 


A  Sample  of 
Butter. 

(Angell  and 
Ilehner.) 


67-580 
6-880 

23-981 
1-559 


A  Sample  of 
Butter. 

(Angell  and 
Ilehner.) 


\ 


47019 

7-854 


:«■ 
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2.  Examination  and  Anaiygu  of  the  FaL — By  iiir  the  most 
important  process  in  butter  analysis  is  the  examination  of  tlie 
fat.  The  data  by  which  the  Analyst  judges  «'Lether  a  butter 
consists  of  foreign  fats  entirely  or  partly,  are  derived  from— 
(a.)  The  pattern  of  the  melted  fat  ■when  dropped  on  water;  (6.) 
certain  simple  testa;  (c.)  the  me! ting- point ;  {d.)  the  relative 
proportion  of  soluble  and  iissoluble  fatty  acids.  For  many  of 
these  tests,  the  first  requisite  ia  a  pure  dry  fat.  This  is  easily 
accomplished  by  melting  a  sufficient  quantity  of  the  butter  over 
the  water-bath.  In  a  short  time  the  water,  curd,  and  salt,  sink 
to  the  bottom,  and  the  nearly  pure  fat  can  be  poured  off.  Should 
it  not  be  clear,  it  must  be  filtered  through  filtering  ]>aper  or 
glasa-wool.  This  operation  will  necessitate  the  filter  being  kept 
warm  in  a  suitable  steani -jacket. 

§  181.  (o.)  Tl,e  AvtJwT's  Pattern  Procesg.—In  the  winter  of  18S0 
tlie  author  made  various  experiments  on  butter-fat,  and  dis- 
covered the  curious  fact  that  all  solid  fats,  when  melted  and 
dropped  on  to  water,  the  temperature  of  which  is  low  enough 
to  ensure  their  solidification,  set  in  a  definite  form  or  pattern. 
To  attain  success,  it  ia  necessary  that  the  fat  as  well  as  the  water 
be  of  a  certain  temperature  ;  but  with  many  of  the  glycerides 
and  mixtures  of  glycerides,  such,  for  example,  as  butter,  bntter- 
ine,  dripping,  &c.,  the  range  is  very  wide;  so  that  if  the  &t  is 
perfectly  fluid,  and  within  one  or  two  degi-ees  of  100°,  the  water 
ranging  from  0°  to  15°,  a  pattern  more  or  less  perfect  is  obtainable. 

^ch  fat  appears  to  liave  its  own  distinctive  pattern,  and  can 
be  identified  by  its  pattern  alone.  On  the  other  band,  each  &t 
has  a  variety  of  patterns,  for  every  alteration  of  the  experi- 
mental conditions  modifies  more  or  less  the  form  of  congealed 
drops.  If,  however,  the  conditions  under  which  each  experi- 
ment is  perfoiTQed  are  precisely  similar,  then  there  ia  no  difficulty 
in  obtaining  the  same  form,  or  at  least  very  similar  forms,  any 
number  of  times. 

The  chief  modifying  conditions  are  tlie  difl'erence  of  tempera- 
ture between  the  fluid  fat  and  the  water,  and  the  height  &om 
which  the  fat  falls.  I  have  found  that  from  3  to  4  inches  is  the 
best  height,  and  that  a  greater  fall  than  this  tends  to  spread  the 
films  out,  and  renders  all  patterns  more  or  less  similar. 

Referring  to  individual  forms — 

Butler. — The  experiments  were  made  on  several  samples  of 
butter,  whose  genuineness  had  been  proved  by  analysis.  The 
fat  was  melted  and  filtered,  and  kept  in  an  air-bath  at  tempeia- 
turea  of  from  40°  to  80°,  and  then  dropped  from  a  clean  warm 

5 lass  rod  on  to  water  of  from  10°  to  15°.  The  mo^t  common  and 
tfltiiictiTe  form  attained  in  this  way  was  that  of  a  beantifiil 
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foliated  film^  not  unlike  the  leaf  of  a  pelargonium.  The  film  maj 
be  transferred  direct  to  the  lithographic  stone,  and  one  may  thus 
have  a  direct  impression  and  a  permanent  record.  The  details  of 
delicate  veining  are,  as  might  be  expected,  lost.  The  best  pattern 
temperature  for  butter  is  56°,  the  water  being  at  10° ;  but  regular 
forms  may  be  obtained  up  to  100°.  At  higher  temperatures  success 
is  rare.  I  found  that  although  butter  of  40°  to  50°  when  dropped 
on  to  water  of  10°  sets  in  a  radiated  star  form,  yet  when  dropped 
on  to  water  of  8°,  although  momentarily  there  was  a  beautiful 
complicated  foliation  with  many  radiating  wings,  these  wings 
suddenly  mutually  repelled  each  other,  and  the  pattern  fell,  or 
rather  flew  to  pieces.  Glass  plates  were  prepared  chemically 
clean  by  first  treating  with  alcoholic  soda  and  then  washing 
them  with  ether;  the  plate  was  next  dipped  into  water,  and 
thus  a  thin  water  film  obtained.  On  this  perfectly  smooth  wet 
surface,  butter  and  other  fats  were  dropped.  In  the  case  of 
butter,  the  pattern  lost  much  of  its  beauty,  but  was  always  very 
regular  in  outline.  Butter  films  are  of  extreme  tenuity,  and 
although  several  attempts  to  photogi*aph  them  were  made,  the 
light  passed  through  almost  as  perfectly  as  through  glass,  there- 
fore the  photographic  shadows  were  too  indistinct  to  make  any 
use  of 

BuUerine, — The  various  mixtures  of  animal  fats  in  the  market 
known  as  butterine,  or  artificial  butter,  give  by  no  means  iden- 
tical patterns,  for  they  vary  much  in  composition ;  but  in  each 
case  the  form  can  be  distinguished  from  the  butter  films,  and 
from  the  pattern  alone  it  is  always  possible,  and  often  very  easy, 
to  say  whether  a  given  film  is  butter  or  not.  The  best  method 
to  distinguish  the  artificial  from  the  genuine  product,  is  to  take 
pure  butter-fat  and  the  suspected  sample,  and  after  melting 
them  each  at  the  same  temperature,  to  drop  them  on  to  the  same 
glass  plate  side  by  side  :  the  butterine  pattern  is  full  of  minute 
crystals ;  the  butter  pattern  has  no  crystals.  The  pattern  of 
one  sample  of  butterine  was  found  to  be  identical  with  that  of 
tallow — little  white  dots  containing  bunches  of  crystals  (see  the 
photograph.  No.  1,  Tallow). 

Tallow. — One  form  of  tallow  pattern  has  just  been  alluded  to. 
It  is  the  most  common  form  when  melted  tallow  falls  on  water. 
This  fat  of  high  melting  point  is  a  good  illustration  of  the  many 
forms  which  may  be  produced  at  different  temperatures.  Thus, 
at  0°  the  fat  sets  on  water  in  circular  indistinct  drops,  but 
when  more  fluid,  and  dropped  on  glass,  its  pattern  is  distinct 
and  crystalline. 

Paraffin^  giving  no  pattern  by  itself,  when  mixed  with  other 
.animal  fats^  as  may  be  expected,  profoundly  modifies  the  film. 


- J     ...M-Utml   that  tl 

be  warm,     t'w  .■xi«i.i>lr,  K|ioniL 
iiK-ltcl  at  lOO,  ami  ilro],i„.-(l  on 
50^ ;  tlic  watrr  must  lie  Ucftted 
to  be  obtained.     Very  beautifn 
vetting  a.  warm  glass  plate  wil 
tftllow,  stearic  acid,  or  spermace 
of  the  £lm  are  at  oace  dissolved 
tiona  remain,  reminding  one  of  A 
3,  Spermaeetiy,  the  thin  films  of 
substances  will  not  stand  this  trei 
§  1S2.  Cohetion  Figwet.—Toi 
1862),  some  years  ago,  drew  att 
figures  of  Ttu-iouB  liquids  and  oili 
fats,  when  melted  and  dropped  oi 
-  to  have  received  any  oonsiderai 
ever,   that  each   solid    fat   beha 
in  this   way  be   identified,    and 
correctly  surmised.     Should  the 
tnre  as  to  keep  the  fat  very 
the   surface  of  the  water,   brei 
beautiful  iridescence,  and  the  p 
as  to  leave  but  little  impression 
therefore,  prefere  to  operate  at 
keep  the  &t  a  little  fluid,  so  th 
slow,  regular,  and  methodical  r 
experiment  may  be  detailed.     I 
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other  of  some  three  diameters.  Both  butter-drops  containing 
5  and  10  per  cent,  of  lard  respectively,  flattened  out  with 
extreme  slowness,  were  agitated  by  a  gyratory  motion,  threw 
off  no  droplets  of  fat,  and  ultimately  also  broke  up  with  extreme 
slowness.  It  was  noticed  that  the  5  per  cent,  drop  was  thinner 
and  larger  than  the  10  per  cent.  The  drop  of  lard  underwent 
no  alteration,  remaining  circular  and  quiescent  up  to  the  moment 
of  solidification. 

(6.)  Other  Simple  Teats. — The  processes  just  described  require 
little  apparatus  and  skill,  and  still  less  is  needed  in  the  follow- 
ing test  proposed  by  Hager  ♦  : — A  bit  of  wick  is  inserted  into 
melted  butter,  lighted,  and  then  blown  out.  If  the  butter  is 
pure  there  is  little  odour,  but  if  artificial  a  strong  tallow-like 
smell  is  at  once  perceived. 

A  test  similarly  dependent  upon  odour,  is  to  add  a  small 
quantity  of  the  butter  to  a  mixture  composed  of  1  volume  of 
pure  concentrated  sulphuric  acid,  and  2  volumes  of  95 '98  per 
cent,  alcohol,  and  to  distil ;  the  first  two  or  three  cc's  are  col- 
lected and  rubbed  in  the  hands ;  the  odour  is  buttery  or 
tallowy  according  to  the  purity  of  the  sample. 

Donny  has  also  recommended  an  easy  test :  a  little  of  the 
sample  is  heated  in  a  teat-tube;  pure  butter  froths  or  foams 
much,  and  becomes  brown  in  colour.  If  it  is  composed  of  foreign 
fats,  there  is  but  little  foaming ;  the  liquid  may,  however, 
bump  violently,  and  masses  of  caseine  become  brown,  while  the 
fat  itself  remains  with  but  little  colour. 

W.  G.  Crook  t  has  experimented  upon  the  solvent  action  of 
carbolic  acid  on  butter  as  compared  with  other  fats.  1  grm.  of 
purified  butter-fat  is  put  in  a  test-tube  and  liquefied,  2i  cc 
of  carbolic  acid  solution  (10  acid,  1  water)  are  added,  after 
which  the  mixture  is  shaken,  and  then  put  on  one  side  for  a 
little  time.  If  the  sample  is  pure  butter,  it  wholly  dissolves  ;  if 
beef,  mutton,  or  pork-fat  is  present,  the  mixture  will  resolve 
itself  into  two  solutions  of  different  densities,  with  a  clear  line 
of  demarcation.  If  beef-fat,  the  lower  layer  will  occupy  about 
49*7  per  cent,  of  the  total  volume ;  lard,  49*6 ;  and  mutton, 
44*0.  W.  Lenz  has  also  tried  this  process,  and  generally  con- 
firms the  results  obtained  by  Mr.  Crook.J 

*  H.  Hager :  Phamu  Central,  Halle,  xviij.  413. 

f  Analyst,  1879,  1111. 

X  ZeiUchrift  fur  Analyt.  Cliemie,  1880,  370.     C.  Husson  {Compt.  Bend,, 
85,  718)  has  proposed  an  ancient  teat  depending  on  the  different  solvent  pro- 
perties of  alcohol  for  margarine,  &c. ;  and  F.  Filsinger  has  &  vqt^  «Aim2ias 
method  {Pharm.  Central,  Halle,  xix.,  42).  Both  the^  tesfes, 'Www^t^  «^ 
cf  iJttJe  practical  value  among  such  a  number  of  poia^ve  xeM^o*!^* 
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[§  183. 

§  183.  (o.)  The  MeUinQ-PoitU. — ViirioiiB  methods  have  beon  pro- 
poaed  for  the  determination  of  the  melting-points  of  fats.  The 
one  used  hj  most  aoaljBts  is  to  take  the  melting-point  id  a  fine 
tube.  A  piece  of  quill-tnbing  is  drawn  ont,  so  as  to  make  a  tube 
about  the  diameter  of  a  knitting  needle,  and  from  two  to  three 
inches  in  length.  The  fat  is  now  drawn  up  to  the  extent  of  about 
an  inch,  and  permitted  to  Bolidify,  The  tube  thns  charged  is 
placed  in  some  cold  water  in  a  Binall  beaker,  which  ia  "  nested  " 
in  a  second  beaker,  a  little  water  being  between  the  two,  the 
inner  beaker  carrying  also  a  thermometer.  Heat  ia  now  applied, 
and  the  moment  the  fat  runs  up  the  tube  the  temperature  is 
noted.  A  modification  of  this  process*  ia  to  take  a  short  capil- 
lary tube,  blow-  a  bulb  on  it,  and  while  the  bnlb  is  still  hot,  plunge 
the  open  end  into  the  molted  fat ;  let  it  nin  up  a  short  dbtance, 
and  then  solidify  tUo  fat  by  the  application  of  cold.  To  take  an 
observation,  the  tubes  am  placed  in  water,  so  that  the  bulb  is 
uppermost ;  on  melting,  the  fat  runs  up  into  the  semi-vat 
bulb,  and  this  rise  is  somewhat  more  easily  observed  than  ii 
simpler  process. 

Another  method  is  the  employment  of  a  little  bulb  v 
with  mercury,  so  as  to  weigh  from  3  to  4  grms. ;  the  bulb  rests 
on  the  surface  of  the  fat  in  a  test-tube,  which  is  immersed  in  a 
beaker  of  water  provided  with  a  thermometer,  and  the  moment 
the  bulb  sinks  is  noted.  A  modification  of  this  is  the  employ- 
ment of  a  light  float  sunk  to  the  bottom  of  the  fat,  and  retuned 
there  until  it  is  solid  ;  on  now  applying  heat,  the  float  rises  at  a 
certain  temperature,  which  is  taken  as  the  melting-point.  The 
melting-point  of  various  fats  is  as  follows  : — 


Bntterine,  .... 

.     31° -30. 

Cocoa  Butter,      . 

.     U'9C. 

Butter  (averagp). 

.     35' 8C. 

Beef-dripping. 

.  43' -ea 

Veal-dripi.ing,     .        .         . 

.    47*-7C. 

Miied,         .... 

.     42'-6C. 

Lard,  from. 

.     *2*C.  to  45''C. 

Ox-fet,  from  about      . 

.     48''C.  toSS'-OC. 

Mntton-fet.  from  about       . 

.     WC.  to5r'6G. 

Tallow 

.     53°  30. 

It  hence  follows  that  a  low  melting-point  indicates  the  probable 
presence  of  bntterine,  especially  that  form  whicli  is  partly  manu- 
isctured  from  a  concrete  oil,  obtained  from  the  seeds  of  Garcinia 
Indica,  and  is  known  under  the  name  of  Mangosteen  oil,  or 
kokum  butter.  A  higher  melting-point  indicates,  as  a  probable 
Miulter&at,  dripping,  lard,  ot  o\.\\eT  «.avai«.\ta.V 

*  0,  Kellner,  ZeilicJ  ryi/w  Avo.1.  CI  ctC-£,-ki-\. 
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Specific  Gravity, — The  method  of  obtaining  the  specific  gravity 
of  butter-&t  is  to  fill  a  counterpoised  specific  gravity  bottle, 
provided  with  a  thermometer  stopper,  of  60  to  100  grms.  capacity, 
with  water  of  35°  (96®  Fahr.),  and  immerse  it  in  a  beaker  of 
water  of  about  43®  (109° 4  Fahr.)  By  thus  heating  the  specific 
gravity  bottle  by  a  liquid  which  is  falling  in  temperature,  the 
water  in  it  can  be  brought  exactly  to  3 7° -7  (100°Fahr.),  at  which 
temperature  the  bottle  is  taken  out,  slightly  cooled  and  weighed  ; 
and  in  this  manner  the  weight  of  that  particular  bulk  of  water 
at  37" '7  (100°  Fahr.)  is  obtained,  and  this  value  used  for  the  sub- 
sequent operations.  To  take  the  specific  gravity  of  the  fat,  the 
pnre  filtered  fat,  at  35°  (95°  Fahr.),  is  poured  into  the  clean  dry 
bottle,  and  the  exact  process  just  detailed  followed. 

The  specific  gravity,  as  first  pointed  out  by  Mr.  Bell,  of  Somer- 
set House,  has  a  direct  relation  or  correspondence  to  the  per- 
centage of  insoluble  acids,  a  fact,  it  must  be  remembered,  only 
applicable  to  pure  unadulterated  butter-fat.     Thus — 


Actual  Insoluble 

Specific  GrftTity  at 

Acids  Found. 

870-7  (100-F.) 

Per  cent. 

•91382 

87^47 

•91346 

87^89 

•91337 

87-98 

•91290 

88-48 

•91286 

88-52 

•91276 

88-62 

•91258 

88-80 

•91246 

89  00* 

The  fats  used  for  the  adulteration  of  butter  are  of  low  density. 
Vegetable  butterine  has  a  specific  gravity  ^90294;  dripping, 
•90659  ;  so  that  a  low  specific  gravity — that  is,  anything  below 
•91101 — is  strongly  indicative  of  foreign  fat. 

Instead  of  the  above  method,  which  requires  a  considerable 
quantity  of  material,  the  density  may  be  approximately  taken  by 
the  well-known  specific  gravity  bubbles,  a  process  which  we  owe 
to  Mr.  Wigner.  If  the  butter-fat  be  placed  in  a  wide  test-tube, 
and  a  bubble  of  the  specific  gravity,  say  of  •896,  be  kept  just 
beneath  the  surface  by  a  thermometer  passing  through  a  cork  in 
the  mouth  of  the  tube,  at  a  certain  temperature  the  bubble  will 
slowly  sink  to  the  bottom.  In  butters  of  ^911  density,  above 
which  a  sample  may  be  passed,  beads  will  sink  as  follows  : — 

Specific  gravity  of  beads,      ^8890  '8896 

Temperature,  .        .    62«^7  (145*»F.)  aS^^S  (132'P.) 

■ 

♦  Muter,  Analyst,  i.,  p.  7, 1871. 


\^  loj.    uii'tTt    1  itratinn    of   Jluffrr  hj/ 
('IcLTiint  test  was  tirst  suLr<^(\sttMl   Itv   Dr 
♦general  iiu'tliod  nmrc  or  U-.ss  a|>|)licabKi   t 
suited  to  biittcr-tat,  for  most  otlior  fats 
fatty   acids,   and   the  lower  acids  havii 
weight,  butter  must  contain  more  mole 
weights  of  another  fat — in  other  words,  i 
8aponi6cation.     Koettstorfer  used  semi-n 
and  an  alcoholic  solution  of  potash  ;  this 
about  the  same  strength  as  the  acid,  th 
alcoholic  solution  of  phenol-phtalein.     F 
purified  filtered  fat  are  weighed  in  a  tal 
capacity,  25  cc  of  the  potash  solution  a 
a  water-bath.     When  the  alcohol  is  nearl 
stirred  with  a  glass  rod  till  all  the  fat  is  d 
take  more  than  a  minute.     The  glass  rod 
alcohol,  and  the  beaker  covered  with  a  ^ 
further  for  15  minutes,  in  such  a  manner  t 
boil  too  violently.    At  the  end  of  the  quartc 
glass  is  washed  with  spirit,  and  the  alcol 
for  one  minute  longer  with  the  glass  ro( 
saponify  any  iaX  that  may  still  adhere  to  ii 
j!  taken  from  the  water-bath ;  1  cc.  of  alcoh 

||  phtalein  added,  and  it  is  titrated  back  w 

I;  chloric  acid.     The  exact  point  is  very  sh 

!|  .  I  phenol-phtalein  changing  from  a  cnmsor 

reagent  is  very  sensitive  to  C0« :  it  is  \\ 
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On  the  other  hand,  there  is  a  wide  difference  between  this 
amonnt  and  that  required  by  other  fats,  the  following  being 
about  the  saturation  capacity  in  mgrms.  of  potash  for  1  grm. 
of  various  fats  :  — 

Potash  EHO. 
Milligrammea. 

Oleo-margarine, 195*5 

Beef -dripping, 196*6 

TaUow, 196*8 

Lard  fh)m  kidneys, 195*8 

Lard  from  unsmoked  bacon, 196*7 

Commercial  lard, 195*0 

Dripping, 197*0 

Or  if  the  suggestion  of  Mr.  Allen*  be  accepted,  and  the  results 
be  translated  into  equivalents  of  the  fat  by  dividing  56*1  by  the 
mgrms.  of  potash,  the  results  are  as  follows — 

Oleo-margarine, 286*5 

Beef-dripping, 285*5 

TaUow, 2851 

Lard  from  kidneys, 286*5 

,,       „      unsmoked  bacon, 286*7 

Commercial  lard, 287*1 

Mutton  dripping, 284*8 

The  chief  convenience  in  expressing  the  number  in  equivalents 
is,  that  it  then  becomes  a  matter  of  indifference  whether  potash  or 
fiodat  is  used  for  the  saponification.  The  practical  question  in 
the  use  of  this  test  is  :  what  is  the  lowest  limit  above  which  a 
butter  may  be  passed  as  genuine,  but  below  which  it  will  be 
necessary  to  examine  the  butter  by  other  means  1  The  general 
opinion  of  analysts  as  to  this  point  is,  that  butter-fat,  1  grm.  of 
which  uses  less  than  226  mgrms.  of  KHO  (equivalents  248*2), 
is  probably  adulterated.  The  formula  for  calculating  the  amount 
of  admixture  which  has  been  proposed  is 

(227 -n)  X  3*17  =>  x, 

X  being  the  percentage  of  admixed  fat,  n  the  number  of  mgrms. 
of  potash  used. 

§  185.  {d.)  The  Decomposition  of  the  Fat  into  Fatty  Acids  and 
Glycerine, — This  is  effected  by  saponifying  with  an  alcoholic 
solution  of  potash,  decomposing  the  soap  with  sulphuric  acid, 
washing  the  subsequent  fatty  acids  with  water,  titrating  the 
soluble,  and  weighing  the  insoluble  acids.  The  details  of  the 
process  have  been  so  simplified  by  successive  improvements,  that 
what  was  formerly  a  tedious  and  even  difficult  operation,  is  now 

•  Analyst,  1879, 162. 

f  It  is  scarcely  necessary  to  add  that  should  soda  be  used,  then  40,  the 
equivalent  of  sooa,  must  be  divided  by  mgrms.  of  the  alkali  used. 


of  the  strong  ufiJ  to  tin.  litr, 
(3.)  I>f-.-L-(K)ri]iiil  KoiU  suk 
vei.im.tij-ma.lo  by  dissolving 
exact  ]>roportion  of  23  grma. 
of  butyric  acid.] 

It  ia  necess&ry  to  kaow  wit 
tionahip  between  tbe  potash  u 
exact  quantity  of  alcoholic  pot< 
ia  delivered  from  a  25  cc.  or  6( 

fhenol-phtolein  Bolntion  adde( 
t  is  also  necessary  to  know  th 
Boda  and  the  sulphuric  acid,  i 
QHual  way.  1  to  6  grms.  of  i 
difference  into  a  flask,  aad  50  c 
flask,  closed  by  a  glass  marble, 
wa 
gi¥ 


f 
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a  flask  of  about  500  cc.  capacity,  having  a  long,  rather  narrow 
neck  (see  fig.  27),  which  carries  the  tubes  a  and  6 — the  tube  a 
for  the  admission  of  air,  the  tube  b  furnished  with  a  stopcock. 
In  this  flask  the  soap  is  decomposed  by  adding  about  1  cc.  more 
sulphuric  acid  than  is  necessary  to  neutralise  the  potash ;  if,  for 
example,  the  latter  is  neutralised  by  25  cc.  of  the  sulphuric  acid 
26  cc.  are  added,  and  after  this  addition  the  fatty  acids  melted 
so  as  to  form  a  layer  on  the  surface  of  the  acid  water.  At  this- 
point  the  whole  may  be  diluted  with  warm  water  up  to  200  cc. 
or*300  cc.,  the  cork  carrying  the  tubes  inverted,  and  the  flask 
turned  upside  down,  as  represented  in  the  figure.  After  standing 
a  few  hours  the  cake  is  more  or  less  solid,  and  the  lower  stratum 
of  liquid  may  be  run  off  almost  clear.  It  will,  however,  always 
be  safest  to  pass  it  through  a  filter.  By  adapting  an  india-rubber 
tube  to  a,  warm  water  may  be  sucked  up  through  6,  and  the  fat 
washed  in  the  flask  (perfectly  closed  by  pinching  the  india* 
rubber),  and  then  the  cake  allowed  to  form  as  before.  The  fluid 
is  now  again  run  off  from  the  solid,  and  this  time  cold  water  may 
be  sucked  up  through  a,  and  the  whole  process  of  alternations  ot 
hot  and  cold  water  repeated.  Lastly,  the  cork  with  its  tubes  is 
removed,  any  adherent  fat  washed  off  with  warm  water  into  the 
flask,  the  latter  adapted  either  to  an  upright  Liebig's  condenser 
and  boiled,  or  connected  in  the  usual  way  with  a  Liebig, 
which  has  as  a  receiver  a  flask,  adjusted  by  a  cork  tightly  to 
the  bent  tube  of  the  condenser,  and  is  furnished  with  a  mercury 
valve,  the  whole  forming  a  closed  system.  In  the  latter  case, 
also,  the  heat  is  applied  to  boiling  for  five  or  ten  minutes,  and 
the  distillate  added  to  the  filtrates ;  lastly,  the  cork  with  tubes 
is  again  connected,  the  flask  inverted,  the  liquid  when  cool  run 
off,  and  the  ikt  finally  washed  with  a  little  cold  water  and  allowed 
to  drain. 

The  watery  liquid  contains  sulphuric  acid,  sulphate  of  potash,, 
alcohol,  butyric,  and  the  other  soluble  fatty  acids ;  it  will  be  in 
bulk  from  600  to  700  cc,  and  may  be  maide  up  to  any  definite 
quantity.  In  any  case,  a  portion  of  it — a  quarter,  a  fifth,  or  even 
a  tenth — must  be  taken  and  titrated  with  d.  n.  soda,  which,  when 
the  quantity  required  to  neutralise  the  1  cc.  of  sulphuric  acid  in 
excess  is  subtracted,  indicates  the  amount  of  soluble  acid,  and  ia 
always  returned  as  butyric,  which  is  near  enough  to  the  truth. 

Instead  of  this  method  it  may  be  useful  to  titrate  the  acid 
liquid,  distil  until  all  the  volatile  acid  which  can  be  obtained  has 
gone  over,  and  then  titrate  the  distillate.     It  is  also  possible  to 
separate  the  volatile  fatty  acids  from  such  a  solution  by  ibL«JkAXk% 
up  with  ether  in  the  tube  figured  at  p.  69,  tbe  eVXiot  ^S^s^;^^^x^x\%, 
the  acids  Ireeljr, 


..„..  u  K  htst  to  :liM  A  frw   .Ir 
is  n..«-  |.iiu-.'<l  <.li  ill,;  t<.l.  of  ti 

Kl I.i.nily  l.oil  gently),  :iu<l  ■ 

twenty  miuiites  only  1  or  2  m, 
sidered  constant. 

Reichert  has  modified  this  pi 
is  taken  oach  time,  saponified,  d 
current  of  air.   Thedetailaof  thi 
of  the  anhydrous  fat  are  sftponi 
KHO  in  20  cc.  alcohol  of  80  per 
of  water  are  added,  and  20  cc.  o 
10  per  cent.],  the  mixture  is  thei 
the  distillate,  which  mostly  cont 
is  filtered  through  wet  filter  pap 
made  up  to  exactly  60  cc.,  and  tit 
experiment  took  13  to  149  co.'i 
fe^  3'70 ;  oleo-margarine,  0-05  ; 
oil,    *26.     Butter-lat  and  lard,  : 
follows,  required  the  following  cc 
lise  the  distillate — 

Pereentkgea  of  bolter  in  the  mixtaro, 
-cc  decinormsl  lods,  0'3( 

DiCforence,      .... 
From  theso  »n'i  -'•■  — 
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considerable  subsidence  of  the  heavier  fats.  Thus,  a  kilogram. 
of  pure  butter  was  allowed  to  cool  slowly  after  melting  in  a 
capacious  vessel,  with  constant  stirring;  when  a  sample  was 
taken,  and  the  distillate  obtained  after  Keichert's  method  used, 
14  cc.  of  d.  n.  soda.  The  same  butter  was  then  remelted,  and 
allowed  to  cool  slowly  without  stirring,  and  samples  taken  from 
various  portions  with  the  following  results  : — 

D.N.SodA. 

00. 

Mixture, .  140 

Upper  layer, 13*3 

Under  layer, 14*2 

Oater  layer  near  the  side, 14*4 

Inner  middle  layer, 17*3 

The  same  chemists,  applying  Beichert's  method  to  various  fats, 
obtained  the  following  results  : — 

D.  N.  Soda. 

CO. 

Batter-fat, 13*6  to  140 

Lard, -2 

Rape  oil, '3 

Sesame  oil, *35 

OUveoil, -3 

Palm  oil, *5 

A  distillation  process  was  proposed  in  England  before  the  publi- 
cation of  Reichert*s  paper  by  Mr.  Perkins  :*  a  solution  of  oxalic 
acid  was  used  to  decompose  the  soap,  and  all  the  volatile  acids 
were  supposed  to  distil  over ;  but  the  test  experiments  given  are 
rather  below  the  total  amount  which  were  probably  present. 
There  is  one  advantage  of  a  distillation  process  which  must  not 
be  lost  sight  of — viz.,  the  acids  may  be  identified  by  fractional 
titration  when  treated  after  Duclaux's  process,  described  in  the 
article  on  "Wine." 

A  process  of  saponification  has  been  proposed  and  practised  by 
Mr.  West  Knight,t  which  is  based  on  the  insolubility  of  the 
oleate,  stearate,  and  palmitate  of  barium,  and  the  ready  solubility 
of  the  volatile  fatty  acid  combinations  with  barium.  The  butter- 
fat  is  saponified  with  alcoholic  potash  in  the  ordinary  way.  The 
soap  solution  is  diluted  to  300  ca,  and  a  solution  of  chloride  of 
barium  added  until  a  curdy  precipitate  separates,  and  the  liquid 
is  no  longer  rendered  milky  by  a  fresh  addition — the  insoluble 
barium  fatty  acids  are  collected  on  a  filter,  and  ultimately  trans- 
ferred to  a  tube  such  as  is  used  by  Muter  (p.  302),  and  the  fatty 
acids  liberated  by  sulphuric  acid  and  shaken  up  witb  etlier  \ 

*Ana7f/8f,  1879, 142.  +  AnalyfX,  \^80. 


302  foods:  their  couposition  amd  analtsis.       [§  185. 

vhca  Bepanition  hna  been  efiected,  a  fractional  part  of  the  ether 
is  taken,  and  evaporated  in  a  tared  flask. 

Further  Analyg&i  of  the  Insolubh  Fattti  Ands.~Th.Q  insoluble 
fatty  acids  are,  as  already  stated,  oleic,  palmitic,  aud  stearic ;  it 
is  their  total  weight  which  is  alone  valuable,  and  to  soparate  the 
three  with  accuracy  is  not  easily  effected.  The  Srst  can,  however, 
be  very  readily  isolated  by  the  following  process,  the  details  of 
which  have  been  worked  oitt  by  Dr.  Muter.  The  process  depends 
upon  the  welbkuovrn  &ct  that  the  oleate  of  lead,  Pb2CigHjjOj, 
can  be  separated  from  plumbic  jMitmitate,  Pb20jgHjjOj,  ana 
plumbic  stearate,  Pb;iC,^H„Oj,  by  taking  adrantago  of  the 
solubility  of  the  former  in  ether. 

About  1  grm.  of  the  fatty  acids  is  combined  witli  potash,  and 
the  solution  well  diluted  with  boiling  water,  and  carefully  treated 
with  acetic  acid  added  to  the  boiling  solution  until  a  permanent 
turbidity  is  pixiduced ;  solution  of  potash  ia  now  dropped  in  with 
constant  stirring,  until  the  liquid  just  clears  again.  The  solution 
is  now  precipitated  by  plumbic  acetate  in  slight  excess,  and 
is  stirred  until  the  precipit.ttcd  aTinp  Rottl-'S  thormii:hly.  '  The 
supernatant  liquid  is  poured  off,  and  the  soap  once  washed  by 
boiling  with  a  largo  volume  of  water  and  decanting ;  plumbic 
oleate,  palniitate,  and  stearate  are  thus  obtained  as  perfectly 
neutral  salts,  the  first  being  soluble  in  ether,  .the  last  two  quite 
insoluble.  The  lead  soap  ia  now  transferred  to  a  flask  of  100  cc, 
capacity,  and  the  plumbic  oleate  dissolved  out  by  ether,  the 
ethereal  solution  being  passed  through  a  filter.  The  end  of  the 
process  is  known  by  the  washings  ceasing  to  blacken  ammonium 
hydrosulphide.  The  flltrate  and  the  washings  should  not  exceed 
200  cc.,  a  fractional  portion  of  which  may  be  evaporated  to 
dryness  in  a  platinum  dish,  and  weighed  as  plumbic  oleate.  To 
ensure  perfect  accuracy,  the  remainder  should  be  ignited  and 
weighed  as  Pb  +  PbO ;  the  residue  treated  with  acetic  acid  to 
take  up  the  PbO,  and  the  residual  Pb  calculated  to  PbO.  By 
deducting  the  weight  of  plumbic  oxide  thus  obtained  from  the 
total  plumbic  oleate,  and  allowing  for  the  hydrogen  displaced, 
the  oleic  acid  is  obtained. 

Dr.  Muter  recommends,  however,  an  easier  method.  This 
requires  a  long  graduated  tube  of  250  cc,  having  a  well-ground 
stopper  and  a  stopcock,  which  is  placed  at  SO  cc.  from  the 
bottom.  The  ethereal  solution  is  placed  in  this,  the  soap  decom- 
posed by  hydrochloric  acid  [1  ;  2];  and  (when  the  chloride  of 
lead  is  fully  settled)  a  known  quantity  of  the  supernatant  ethereal 
solution  drawn  off,  evaporated,  and  weighed  as  oleic  acid. 
In  the  majority  of  adulterated  butters,  the  specific  gravity, 
the  meltiDg-poini,  and  the  itttt^  aciia  w^  ^ii  ■«"A*.'5  ^%%<cQat 
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from  that  of  genuine  batter,  so  that  there  is  no  room  for  doubt. 
Occasionallj,  however,  a  batter  may  be  met  with  in  which  a 
small  proportion  only  of  foreign  fat  has  been  used,  and  in  such 
a  case  the  analysis  must  be  repeated  several  times  lest  a  mistake 
be  made.  Of  all  the  above  determinations,  the  percentage  of 
insoluble  and  soluble  fatty  acids  is  of  the  greatest  importance. 
A  marked  deficiency  or  complete  absence  of  soluble,  and  an 
increase  of  insoluble,  are  the  characteristic  features  of  fats  other 
than  butter. 

The  following  are  a  few  examples  of  percentages  of  fatty  acids 
found  in  genuine  butters  : — 

(1.)  (2.)  (3.)  (4.) 

Soluble,  .        .        5-92  576  637  477 

Insoluble,        .      87*86  8810  87*68  88*44 


93*78  93-86  93*05  93*21 

It  is  generally  accepted  that  88  per  cent,  of  insoluble  acids,  if 
associated  with  6*3  of  soluble  acids,  is  a  fair  standard  of  butter 
calculation,  and  that  if  a  butter  shows  anything  less  than  89*5 
insoluble,  with  5  soluble,  it  may  be  passed  as  genuine.* 

A  few  examples  of  adulterated  butter-fiit  are  as  follows : — 

(1.)  (2.)  (3.) 

A  Commerci&I    A  Commercial 

Butter.  Butter.  Butterine. 

Soluble,    .        .  1*98  2  34  -58 

Insoluble,         .        9330  93*82  95*51 


9528  9616  96*09 


LEGAL  CASE. 


Somerset  House  standard  for  water  in  butter. 
At  the  Bath  Police  Court  (January,  1879),  a  dairyman  had  been  summoned 
for  selling  butter,  the  proximate  analysis  of  which  showed  a  considerable 
addition  of  water.  An  appeal  to  Somerset  House  elicited  the  following 
certificate: — "We  hereby  certify  that  we  have  analysed  the  butter,  and 
declare  the  results  of  our  analysis  to  be  as  follows  : — 

Per  cent 

Water, 23*27 

Butter- fat, 74*69 

Curd,  ........  1*26 

Salt, •78 

'*The  results  of  our  analyses  of  numerous  samples  of  ordinary  commercial 
butters  obtained  from  different  parts  of  the  country,  including  the  south  of 
England,  show  that  the  proportion  of  water  present  is  very  variable,  and 
that  it  occasionally  amounts  to  as  much  as  19  per  cent." 

*  Muter,  Op.  61, 
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BUTTERMILE, 

§  186.  Buttermilk  is  the  thin  whey  left  behind  when  the  fat 
has  been  extracted  in  the  jirocess  of  butter-making.  It  is  never 
fat-free ;  it  contains  all  the  constituents  of  milk,  but  a  great 
portion  of  the  sugar  has  been  clianged  into  lactic  acid.  It  is- 
tlien  essentially  a  dilute,  poor  acid  milk. 

The  BTerage  composition  of  fresh  buttermilk  is  : — 

Water 1M)62 

Caaeine, 3'78 

Fat, 1-25 

JUJHc-BDgar, 3 '38 

Lactic  acid '32 

AMb,  . ■«> 
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The  lactic  acid  tends  ever  to  increase,  so  that  samples  which 
have  stood  a  little  time  will  contain  more  lactic  acid  than  the 
proportion  above  given. 


CHEESE. 


$  187.  Cheese  consists  essentially  of  the  coagulated  albuminous 
matters  of  milk,  especially  of  caseine,  with  a  variable  quantity  of 
fat,  common  salt,  and  alkaline  and  earthy  phosphates.  Cheese 
may  be  made  from  the  milk  of  any  animal,  but  the  great  majority 
of  cheeses  in  commerce  are  made  from  that  of  the  cow.  The  prin- 
ciple of  the  manufacture  of  cheese  from  fresh  milk  is  very  simple  : 
the  caseine  is  precipitated  by  rennet,  and  carries  down  with  it 
most  of  the  milk-fat,  as  well  as  some .  portion  of  the  milk-sugar. 
The  thin  whey  is  allowed  to  run  ojQT,  and  the  precipitated 
**  curds"*  submitted  to  pressure,  which  had  the  effect  of  not  only 
getting  rid  of  the  whey,  but  also  of  giving  to  the  mass  shape  and 
consistency.  Cheese  may  be  made  from  sour  milk  without  the 
addition  of  rennet,  the  lactic  acid  precipitating  the  caseine  ;  but 
most  of  the  cheeses  in  commerce  are  made  from  fresh  milk. 
Cheeses  may  be  divided  into  two  varieties — the  soft  and  the 
hard;  the  former  are  manufactured  by  precipitating  with  rennet 
at  a  low  temperature,  and  using  but  little  pressure ;  they  have 
mostly  an  alkaline  reaction.  The  hard  cheeses  are  subjected  to 
a  higher  temperature  and  stronger  pressure,  and  have,  when  first 
made,  an  acid  reaction. 

m  * 

I. -SOFT  CHEESES. 

§  188.  NeufchcUd  Cheese, — This  is  a  Swiss  cream  cheese ;  its 
average  composition  when  fresh  is  as  follows  : — 

Par  cent 

Water, 37*87 

Caseine, 17*43 

Fat, 41-30 

Ash, 3-40 

*  An  analysis  of  cards  by  M.  Rubner  is  as  follows : — 

Per  cent 

Water, 60-27 

Caseine, 24*84 

Fat, 7*33 

Ash, 402 

Milk-sngar, V^ 

Total  solids, ^9*1^ 

'SoUdanot&t,"       ....        ^^'40 


//( 


EnuUA  Creom  Clieese  \iirios 
usually  (jontains  from  50  to  G 
per  cent,  of  caaeme, 

Camembert  Cheat. — This  is 
much  consumed ;  ita  general  « 


Water, 


Lactic  add,  ) 

Milk-ingar,  galactiiia,  ( 


The  Roquefort  Cheete  ib  a  very 
eaten  on  the  Continent     It  is 
from  that  of  the  ewe.     A  fresh  R 
had  the  following  composition  :- 


Fat, 

Lactic  add,        ,  . 

Water,        .... 

The  same  cheese,  in  the  condil 
Hadjbeen  kept  two  months  in  a 

eomiKiBitinn  ■■ — 
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the  ripening  process.  The  most  famous  cellars  are  subterraneous 
moiin tain-caves,  kept  constantly  cool  (at  about  41*^  to  42*^  Fahr.) 
by  currents  of  air  coming  through  clefts  and  grottoes.  The  com*> 
xnercial  value  of  these  cellars  is  directly  proportionate  to  their 
uniformity  of  temperature. 


II.  HARD  CHEESES. 

§  189.  American  Cheese  is  made  from  unskimmed  milk,  and  is 
of  extremely  uniform  quality.  The  general  composition  of  two 
fine-flavoured  Americans,  sold  at  9d.  per  lb.,  the  author  found  to 
be— 

(1.)  (2.) 

Water, 22-69  31-80 

Pat, 36-41  28-70 

C^seine, 37*20  36*00 

.,)  Soluble  in  water,    1-19)  .,^  1-13  J        g.g^ 

-^'^  I  Insoluble,        .       3*61  (  *^  2-37  1 

Naa  in  soluble  ash,           .        .  1  -08  1-01 

Phosphate  of  Lime  in  insoluble  ash,  2*21  2*37 

Cheddar  Cheese  is  made  with  entire  milk ;  the  cheeses  are 
usually  thick,  and  weigh  up  to  200  lbs.  each.  Two  sound,  good- 
flavoured  Cheddars,  sold  at  lid.  per  lb.,  had  the  following  com- 
position  : — 

(1.)  (2.) 

Water, 27*83  2834 

Fat, 2404  21H)1 

Caseine, 44*47  47-03 

-^**^' I  Insoluble,        .        2-62  {  ^^        2-48  J  ^^^ 

Naa  in  soluble  ash^  .        .        .  1*04  1-14 

Phosphate  of  Lime  in  insoluble  ash,     1  '62  1  -69 

DurUap  Cheese  is  made  with  entire  milk,  and  is  not  dissimilar 
in  general  composition  to  American  cheeses.  A  sample  examined 
by  Johnstone  had  the  following  composition  : — 

Peroent 

Water, 3846 

Fat, 31-86 

Caseine, 26*87 

Ash, 3*81 

Oloucester  Cheese, — Two  varieties  of  Gloucester  cheese  eid&t  vcc 
commerce,  single  Gloucester  and  double  Q\o\ic«a\«t — ^^  «t\^ 
difference  between  the  two  being  that  the  lattex  \e  xvd^i^T  ^^x^ 


•ia«iuJj.ubyJ„h„toiie„f, 


Water. 

K-*-  ■ 

ST? 


tbo  double  but  21  per  <^T  , 

on  tbe  diy  ,„b,t,„,  .  „„. 

"lU:17,mthe,bglB„I0.i 
oo«ntrj.,b„li„p.rtrij„"p;i 
»o    0(JiOF,br.)^a„d       ,        ' 
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30d 


Tolerably  fresh. 

Old. 

Not  fery  reeent. 

32-18 

20-27 

38-28         .38-23 

24-31  ) 
2-22  J 

33-56 

23-93            24-38 
3-70             2-76 

.     .   37-36 

43-98  « 

30-5a           2912 

3-93 

2-20 

.3-20.            5-M 

Water, 
Caaeine, 
Milk-BQgar, 
Fat,     .     . 
Ash,    • 

Gruy^e  Cheese  is  a  peculiarly-flavoured  Swiss  cheese.     Analyses 
hy  various  chemists  are  as  follows: —  ... 

TABLE  XX.— GRUYfeRE  CHEESE. 


^ 

•»- 

^- 

• 

1 

1 

i 
» 

1 

I 

1 
1 

i 

4 

<J 

6 

d 

5 

3 

Water, 

4000 

32-05 

34-57 

35-74 

34-57 

40  00 

32-05 

34-68 

Caaeine, 

31-25 

34-25 

29-12 

29-95 

32-51 

34-25 

2912 

31-41 

Fat, 

24-00 

28-40 

32-51 

30-64 

29-12 

32-51 

24-00 

28-98 

Milk-BUgar  and 

other  non-ni- 

trogenouB 

substances. 

1-75 

-51 

•  •  • 

•  •  • 

••• 

1-75 

•51 

118 

Ash, 

3-00 

4-79 

3-80 

3^7 

3-80 

4-79 

3-00 

3  86 

Oorgonzola  Cheese, — An  analysis  of  Gorgonzola  cheese,  by  J. 
Moser^l  is  as  follows  : — 


Water, 
Caseine, 
Fat,    . 
Ash,  . 


Percent 

43*66 

2417 

27-95 

4  32 


Shim  Cheese, — The  quality  of  skim  cheese  depends  upon  the 
amount  of  fat  it  contains.  A  cheese  which  shows  under  10  per 
cent,  of  fat  may  with  propriety  be  called  skim,  the  majority  of 
skim  cheeses  containing  from  -5  up  to  10  per  cent,  of  fat.  The 
writer  found  a  sample  of  skim  cheese,  at  6d.  per  pound,  to  have 
the  following  composition  : — 

Per  cent. 
Water, 43  14 


Fat, 

Caseine  and  milk-sugar, 

!  Soluble  in  water. 
Phosphate  of  lime, 
NaCl  in  soluble  ash. 


216) 
3-98  V 
2-00) 


-86 
49-79 

6-21 


*  Jahrttherichtf,  Agrieult.  Chemie,  1876-6,  ii.  Bd. 
+  Joum.  de  PhatTnacie,  xvi, 
:( Journal  of  Hoy,  Agricul.  Soc.,  1861,  xxii. 
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each  other  as  in  new  cheese,  which  he  proves  by  calculating  the 
determinations  according  to  an  equal  quantity  of  water,  thus — 


Water, 
CaseiDe, 
Fat,     . 
Sugar, 
Salta,  . 


Fresh. 

40*4 

24*5 

28-0 

1-7 

5-4 


A  year  old. 
40*4 
24*5 
28*2 

2-6 

4*3 


N.  Sieber  *  has  also  contested  the  change  of  albuminoids  into 
fat,  and  gives  the  following  analyses  of  a  Roquefort : — 


Water,  . 

Caseine, 

Soluble  albuminoids, 

Pat,       .        .        . 

Aah,      •        . 


Fresh  cheese. 

49  66 
13-72 

6-93 
27*41 

1*74 


After 
one  month. 

36*93 

6*02 

20*77 

31*23 

4*78 


99*46 


98*73 


Very 
old  cheese. 

23*54 

8*53 
18*47 
40*13 

6*27 

96-94 


Fat 

Albnminoida. 

53*91 

40*80 

49*94 

40*53 

5614 

37*78 

Now,  although  there  is  in  the  above  analyses  an  apparent 
increase  in  the  fat,  yet,  if  reckoned  on  100  parts  of  the  dry  sub- 
stance, there  is  no  very  decided  change.     Thus — 

Fresh  cheese, 

After  one  month,      .... 
Very  old  cheese,       .... 

Brassier,t  some  years  ago,  made  several  careful  analyses, 
which  may  be  of  assistance  in  following  the  changes  that  cheese 
undergoes  through  age.  Five  pieces  of  the  same  cheese  in  the 
Halted  and  unsalted  condition  were  analysed  at  the  end  of  two, 
four,  and  seven  months,  the  results  of  which  are  tabulated  in  Table 
XXI.  The  development  of  ammonia,  the  production  of  nitrogen* 
ous  products  soluble  in  alcohol,  and  the  wasting  of  the  fat  and 
total  nitrogen,  are  well  shown  in  these  analyses. 

Tlie  researches  on  the  '^  ripening  **  of  cheese  hitherto  made  by 
no  means  exhaust  the  subject,  and  there  appears  room  for  much 
interesting  work  in  this  direction. 

§  191.  The  Analysis  of  Cheese. — The  analysis  of  cheese  when 
fresh  is  conducted  on  almost  the  same  principles  as  the  analysis 
of  butter.  The  fat  is  best  taken  in  a  proper  eidiaustion  apparatus, 
by  petroleum  ether,  or  carbon  bisulphide.  On  extraction  of  the 
fat  the  fat-free  solids  are  dried  and  weighed,  and  the  fat  is  also 
dried   and  weighed.     The  dry  fat   and  the   dry  solids  added 


•  Joum.f,  Prak,  Chemie^  xxi.  ^\ 
f  Ann,  de  Cliem.  Phys,^  v. 


r.™, 

r,y,„ 

faspine.    .     .     . 

.s:i"ni 

Milk  sugiir,  .     . 

irw 

Leucine      and 

om  aabiUnceB 

21-18 

Mlable   in  al- 

oohol,     .     .    . 

If^^     .     .     .    . 

66-78 

66-31 

2-as 

2-2* 

Solable    aDb* 

tUUOM,       .     . 

Trice 

l-SS 

W.tar,    .    .    . 

123'3 

67-31 

ToUl  weight,    . 

300-0 

232-0 

ToUlmSSg»»,. 

15-27 

15-94 

together,  and  Bubtracted  from '  it 
the  amount  of  water.  This  ia  a 
eolids  in  the  ordmaiy  way,  whic 
to  be  extremely  tedious  and  iuaci 
tbere  appears  no  other  way  of  c 
than  careful  neutralisation  of  thi 
drying.  The  caseine  and  albumi 
tion  of  the  cheese.  The  sugar  : 
oxide  (see  p.  119);  the  lactic  nr\^ 
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attacks  of  the  fly.  As  this  part  is  habitually  eaten  by  a  few 
people,  it  is  necessary  to  examine  it,  especially  for  these  metals, 
and,  in  a  complete  investigation,  to  make  two  separate  analyses, 
one  of  the  rind,  and  the  other  of  the  substance  of  the  cheese. 

In  past  times,  a  few  isolated  instances  iiave  occurred  in  which 
it  was  found  that  the  manufacturers  of  cheese  had  mixed  pre- 
parations of  arsenic  with  the  cheese  itself  as  a  preservative : — 
e,g.y  such  was  the  case  in  the  year  1841,  when  several  of  the 
inhabitants  of  Chatillon  were  poisoned  by  this  means.  In  1854, 
the  same  thing  occurred,  and  a  Parisian  family  suffered,  but  not 
iJEitally  (ChevaUier),  It  is  to  be  hoped  that  such  ignorance  is  a 
thing  entirely  of  the  past.* 
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*  Whey, — After  the  removal  of  the  curd  from  milk,  a  "whey"  remains,  con- 
taining albumen,  galactine,  milk-sugar,  lactic  acid,  and  salts.  The  mean  of 
thirty-two  analyses  collected  by  Kttnig  gives  the  following  as  the  average 
composition  of  **  whey  "  : — 

Water, 93*31 

Nitrogenous  substances, *82 

Fat, -24 

Milk-sugar, 4*65 

Lactic  acid, *33 

Salts, -65 

Whey,  on  account  of  its  high  content  of  milk-sugar,  is  used  for  the  prepara- 
tion of  the  latter,  and  there  is  also  a  **  whey- vinegar."  In  very  many  places, 
however,  whey  is  used  merely  as  a  food  for  pigs. 


§  102.  Varieties  of  T-:(i.  -  Te;i  i 
Ki>ecie3  of  Tliea,  a  section  of  the  gt 
varieties  do  aot  appear  to  be  iium< 
and  T.  UTtenait,  all  Chinese  plants, 
ABsam,  and  one  or  two  hybrids, 
which  the  nvimerous  teas  of  oomm 
enoe  depends  on  the  selection  of  7c 
treatments  in  drying  and  otherw 
than  on  essential  botanical  variatic 

The  varieties  of  tea  imported  in 
numerous ;  but  seldom  does  any  01 
unmixed,  for  the  wholesale  tea  mei 
teas  by  "  blending."  The  most  coi 
Byaon,  Congou,  Capers,  and  Ind 
powder  and  Hyson  are  dried  at  a 
others,  and  contain  less  hygroscopi 
be  generally  told  by  the  leaves  b«i 
vith  starch  or  gum  ;  as  a  class,  the 
in  fiuft,  can  hardly  be  called  genuin 

Besides  these,  there  are  a  numi 
very  high  price,  and  imported  in  a 
teas  are  used  almost  entirely  for 
are  known  under  the  names  of  I 

*  In  Cooper'B  trkvela  ("Trsveli  of  a 
Cooper,  Loiidon  I8T1),  tliere  ix  an  interet 
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Oolong,  Manntma  E^sow,  scented  Pekoea,  Induia  Souchong, 
Assam,  Java,  Ac,  The  names  by  which  the  teas  of  commerce 
KK  moat  familiar  to  the  public  are  simply  "  green  "  and  "  black," 
which  differ  merely  in  accordance  with  the  method  of  prepara- 
tion followed.  Oreen  tea  is  prepared  A-om  young  leaves,  which 
are  roasted  over  a  wood  Sre  within  a  hour  or  two  after  being 
gathered.  The  black  tea  leaves,  on  the  other  hand,  are  allowed 
to  lie  in  heaps  for  ten  or  twelve  hours  after  they  have  been 
plucked,  during  which  time  they  undergo  a  sort  of  fermentation ; 
the  leaves  then  pass  through  certain  processes,  and  are  slowly 
dried  over  charcoal  fires. 

§  )  93.  Strwfure  of  Un  Tea  Zea/— The  border  is  serrated  nearly, 
though  not  quite,  up  to  the 
stalk  (see  fig.  ^6).  The  primary 
veins  run  out  from  the  midrib 
ftlmost  to  the  border,  and  then 
turn  in,  so  that  a  distinct  space 
is  left  between  them  and  the 
border.  The  di^^ostic  mark 
of  a  tea  leaf  is,  however,  the 
microscopic  appearance  of  its 
epidermis,  which,  especially  that 
m  the  lower  side  (see  fig.  29), 
exhibits  numerous  small  stomata 
formed  of  two  reniform  cells  of 
an  average  length  of  00076  inch, 
and  average  breadth  -000588 
inch.  Aronnd  the  stomata  are 
seen  elongated  and  curved  epi- 
dermic cells.  This  appearance, 
so  far  as  is  known,  is  met  with 
only  in  the  tea  plant.     Stomata 

are  infrequent  on  the  upper  sur-  ^     TEA    PLANT 

mce,   the   epidermal    hairs    are      " 
simple. 

§  194.  Chemical  Compositiwi  of  Tea. — The  constituents  of  tea 
are — Estenlial  oil,  tkeine,  boheic  add,  quercetin,  tannin,  qwreibinic 
add,  galUc  add,  oxalic  acid,  gum,  chlorophyll,  redn,  toax,  aHmminout, 
woody,  amd  colouring  matteri,  ajtd  ash.     The  essential  oil  of  tea 

The'brickB  thoB  packed  form  a  "packet  of  tea,"  sod  w«igli  about  20  Iba.  ; 
at  Llina,  this  quality  of  tea  Bells  for  4b.  Sd.  per  lb.  Tbe  second  variety 
oonaiabi  of  the  older  and  yellower  leavea  whicJi,  when  exported  to  Lethang 
and  Bitbang,  sell  for  U.  Gd.  per  lb.  The  third  variety  u  in«n^i  <^ufQ^A&. 
twuB  Btnck  together  by  rice  water,  and  is  only  luwl  \n  \^  ^ti^^DHocbn^ 
of  Tm-taiMa-too,  when  it  U  sold  at  9dL  per  lb. 


^.  20.— Gpidkbuis  of  Tea  Lrai 
TMnt,  Caffeine,  G^^^fi--- 
in  an  impure  condition  by  Ku 
year  1820.  It  was  found  by  C 
a  oonstitueat  of  the  leaves  of  t 
findins  it  in  various  species  < 
Oudrya  "Theine"  Mulder  am 
identical  with  caffeine.     Tlie  al 
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SQblimate  consists  of  microscopic  needles :  that  which  is  first 
{urodaced  is  of  extremely  fine,  light  elementa  ;  after  a  little  time, 
&t  such  temperatures  as  130°,  the  crystals  become  longer  and 
I&rger.  The  melting  point  of  theine  is  somewhere  betweett 
177*  and  338°.  Theine  possesses  a  slightly  bitter  taste,  but 
ii  without  odour.  According  to  a  recent  research,  the  solnbilitj 
of  theine  in  different  solvents  is  as  shown  in  the  table  below, 

Theine  forms  numerous  salts  of  definite  composition — tJi* 
lydrochlorates,  CoH„N,Oj,  HCl  and  CaHi^N^O^  2HC1;  a  pUti- 
num  compound.  CgHioN-Oy  HCl,  PtClj ;  a  chloride  of  gold 
eompouad,  CgHj^N^O,,,  HCl,  AuCl,;  a  chloride  of  mercury 
oompouod,  CgHjpNjO.,,  SHgCl ;  an  argentic  nitrate  compoona, 
CgHjgN^Og,  Ag^Oa,  and  many  others.  Some  of  these,  bu(^  aa 
the  silver  compound,  separated  from  a  concentrated  watery 
solution,  and  the  mercury  compound,  almost  insoluble  in  ether, 
and  capable  of  being  dried  at  100°,  might  possibly  be  of  use  in 
the  estimation  of  theine. 

Theine  is,  in  large  doses,  a  poison.  Frerichs,  0.  J.  Lehmann, 
Husemann,  and  others,  have  made  themselves  the  subject  of 
experiment.  Lehmann,  after  taking  -5  grm.,  suffered  from  fre- 
quency of  the  pulse,  irritation  of  &e  bladder,  cerebral  excite* 


TABLE  XXU. -SOLUBILITY  OF  THEINE. 
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••otutbsboil- 
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12-97 

1/7-72 

19-02 

1/8 -as 

Alcohol  of  S5  per) 
cent.,     .    . 

2-51 

2-30 

1-40 

1/44-4 

Wrter,.    .    .    . 

1-47 

1-33 

1G8 

1/74-2 

49  73 

45-55 

1/2 -01 

l/2-lfl 

Alwolato  Alcohol, 

0«1 

]/ia4-7 

3-12 

1^ 

o-iii 

0  19 

1/476 

1/526 

0-464 

1)220 

drons  Ether,     \ 

0  0585 

1/1709 

0iM37 

1/2288 

0-36 

1/277 

Light  PetroleQiD, 

0-0:5 

1/4000 

\   \  \  \  \ 

„v  i)«lJll  ;   -8  .yriii.   r:u 

trembling  of  tlicliiuidsaiul  ill 
iind  Itit.T  ii  rcstlcsn  i^],;'\\  witl 
tion  ngitin  to  all  these  stateme 
vho  is  said  to  have  taken  2C 
every  day  for  a  month  witbon' 
tiian  some  alight  elevation  of  h 
least  &tal  dose  for  cats  is  -25  ^ 
in  35  miautea  In  all  expent 
increased  frequency  of  the  heat 
of  the  bladder  and  intestine.  1 
subject  appears  to  be  on  record 
been  chemically  separated  from 

Te»tB  /or  Theine. — Gonoentr 
dissolve  theine  in  the  cold  withi 
the  alkaloid  is  treated  with  fui 
to  dryness,  the  red  dish -yellow  p 
irith  ammonia,  of  a  splendid  pa 
theine  be  evaporated  with  chlor 
brown  residue  is  obtained,  wbid 
vapour  of  strong  ammonia,  bi 
precipitaats  of  theine  are — pbos 
pitate ;  iodine  with  potassic  ii 
chloride  of  platinum,  yellow  bai 
hydrochloric  acid,  slowly  separai 
and  nitrate  of  silver  also  give  pr 

B^Aeie  Acid,  C,H.„0..   wo=    < 
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alcohol,  is  coloured  brown  (but  not  precipitated)  by  chloride  of 
irony  and  forms  for  the  most  part  amorphous  salts  insoluble  in 
water. 

Quercitrinic  Acid,  CgjHgQOj^,  first  discovered  by  Chevreul  and 
Brandt  in  the  Qttercua  dnctorta,  and  stated  by  Hlasiwetz  to  be  in 
tea  leaves,  can  be  crystallised  from  an  aqueous  solution.  It 
forms  sulphur  or  chrome-yellow  microscopic  tables,  containing  3 
atoms  of  water,  part  of  which  is  expelled  at  100°,  the  rest  at 
from  165°  to  200°.  Its  reaction  is  neutral,  and  it  is  without 
odour,  but  has  a  marked  bitter  taste  when  in  solution.  It  melts 
at  from  160*"  to  200**  to  a  resinous,  amorphous  mass.  Its 
solubility  is  as  follows : — Cold  water  2485,  boiling  143 ;  cold 
absolute  alcohol  23*3,  boiling  3*9;  ether  dissolves  it  slightly, 
warm  acetic  acid  copiously.  Sugar  of  lead  precipitates  admost 
completely;  the  precipitate  is  soluble  in  acetic  acid. 

Qtiercetin,  first  obtained  by  Bigaud,  1854,  from  the  splitting  up 
of  quercitrinic  acid  is,  according  to  Filhol,  to  be  found  in  the 
green  leaves  and  flowers  of  all  plants.  Its  formula  is  given  as 
CooHjgOjg ;  it  forms  fine  yellow  needles,  or  a  citron-yellow  powder, 
which  gives  up  at  a  temperature  of  120°,  7  to  10  per  cent,  of 
water  of  crystallisation.  It  melts,  according  to  Zwenger  and 
Dronke,  above  250°  without  decomposition,  solidifying  again 
in  a  crystalline  mass,  and  it  may  be  also  sublimed  with  only 
partial  carbonisation.  It  is  very  little  soluble  in  water.  Warm 
acetic  acid  dissolves  it  copiously,  but  it  separates  on  cooling. 
It  is  soluble  in  229*2  parts  of  cold,  and  18*2  parts  of  hot 
absolute  alcohol.  A  solution  of  quercetin  colours  linen 
bright  yellow;  sugar  of  lead  precipitates  the  alcoholic  solution 
cherry  red,  and  chloride  of  iron  dark  red.  A  combination  with 
sodium  or  potassium  can  be  obtained,  l^ti^^Q^'H.^^O^Y 

The  other  constituents  of  tea,  such  as  gallic  and  tannic  acids, 
gum,  &c.,  are  too  well  known  to  need  description. 


ANALYSIS  OF  TEA. 

§  195.  We  possess  no  complete  analysis  of  tea ;  partial  analyses 
are  numerous.     An  often  quoted  one  by  Mulder  is  as  follows : — 

Blftck  T6A.      Green  Tet. 

Essential  Oil, 0*60  0*79 

Chlorophyll, 1*84  2*22 

Wax. 0-00  0*28 

Resin, S-Wt  ^'a 

Quid, *3*^  VtA 


FOODS  ;  THEril    COMPOSITION'   ASD  ANALYSIS.  ^  19C. 


BlukTw.  OimbTMi 

Tumiii, I2'88  ITW 

Tfarnno,     .....  040  0-43 

ExtractivD  Matter,    ....  2136  22-80 

Coloariag  Subetancet,  .  1919  33-60 

AIbuIIUI^ 3-Sa  3-00 

Fibre, 28-33  ITM 

Ash  (MinerfJ  SubstonocB).        .  5-24  5-56 


i 


The  theine  here  is  cerUinly  too  low,  but  the  araountfl  of  the 
other  constituents  are  a  tolerably  just  representation  of  what 
mhj  be  usually  foimd.  Some  partial  analyses  recently  pobliabeil 
by  Dragendorff  may  be  reitroduceil  here,  as  probably  the  only 
extended  and  trustworthy  reseAi-chea  on  tho  amount  of  tbeiiU!, 
the  alkaloid  having  been  extracted  by  a  fairly  reliable  uiethod. 
{See  anneied  table.) 

The  time  is  probably  not  iax  distant  when  the  tea  trade  will 
buy  entirely  by  analysis,  supplemented  in  a  few  cnaes  by  a 
'■  taster's"  report.  An  expr:rioaced  palate  will  detect  particular 
tlavoHrs  which  analysis  may  fail  to  show ;  but  a  fairly  complete 
chemical  examiuatiun  of  tea  is  of  the  highest  value,  whether  as 
a  guide  to  the  purchaser,  or  merely  to  show  its  freedom  firom 
adulteration. 

Prelimuiari/  Examination  of  Tea. — The  tea  leaves  should  be 
soaked  in  hot  water,  carefully  unrolled,  and  their  shape  and 
structure  examined.  Sections  of  leaves  can  be  made  by  placing 
them  between  two  pieces  of  cork,  and  cutting  line  slices  off  both 
the  cork  and  the  enclosed  leaf;  on  Boating  the  sections  in  water, 
the  film  of  cork  may  he  readily  sepamted  from  the  leaf.  Th& 
epidermis  of  the  lower  or  upper  surface  can,  with  a.  little  pi-actice, 
be  detached  in  small  portions  by  the  ui<l  of  a  sharji  razor,  and 
examined  in  water,  glycerine,  or  dammar  balsam,  under  the 
microscope.     Its  structure  has  been  ah-caily  detailed. 

§  19C.  Keio  Process/or  the  Examiitalimi  of  Leaves  and  Vegetable 
Tissues  generalli/  under  the  Micrvsco/je. — The  author  has  recently 
discovered  a  very  easy  process  for  exauituiug  vegetable  leaves, 
A  portion  of  a  leaf  is  enclosed  between  two  of  the  tliin  circles  of 
glass  used  by  all  microscopists,  and  a  weight  having  been  [ilaced 
upon  the  upper  glass,  the  jwHion  of  leaf  thus  cnclosi'd  is  heated 
with  a  strongly  alkaline  solution  of  permaiigatiate  of  potash.  The 
action  begins  at  once,  and  the  subst.anoe  under  examination  must 
be  examined  from  time  to  time  to  sec  that  the  oxidisation  does  not 
proceed  too  far.  Alkaline  permanganate  attacks  the  colouring- 
matters,  the  contents  of  the  cell.s  lirst,  and  afterwards  the  cell 
membranes;  the  object  of  this  treatment  is  to  m.ake  the  leaf 
transparent,  and  yet  lo  preserve  its  structure.  Tea  loaves  are 
very  opaijiie,  and  it  ia  impossible  without  some  mechanical  or 


ered 
tt  a 
the 

and 
the 

cond 

lajid 
«e  it 
td.  a 
Mled 


y^i 


-t 


Tl 

utiiel 

by  D 
extei 
theft 

(Sea 

Th 

Lviy 
i-tasi 
llnvo 
clieoi 

adult 
Pr 

atruc 
tliem 
thec' 
the  t 
epide 
be  de 
exain 
luicrc 

§1 
TUsu 

Apo 
i;las3 
upon 
with  : 

bees 

trans) 
very 


§  196.]  AKU-TSis  or  Tu.  321 

ohamical  trfistment  to  render  them  transparent.  When  fix>mthe 
appeoisnce  of  the  leaf-fr^ment  the  oxidation  is  considered 
soffioient,  it  is  removed,  washed  in  water,  and  treated  with  s 
little  strong  hydroohloric  acid,  which  at  once  dissolTes  the 
manganese  oxide  that  has  been  precipitated  on  the  leaf,  and 
leaves  the  latter  as  a  translucent  white  membrane,  in  whidi  the 
details  of  structure  can  be  readily  made  out — tea-leaf  in  this  way 
being  quite  different  in  appearance  from  other  leaves.  A  second 
method  of  very  great  value  is  to  place  a  fragment  of  a  leaf  between 
two  circles*  of  glass,  weight  the  upper  one  with  a  silver  coin,  and 
bam  on  a  bit  of  sheet  platinum  the  leaf  thus  prepared.  Since  it 
is  impossible  for  the  ash  to  curl  up  and  become  disarranged,  a 
oomplete  skeleton  of  sUiceooB  ash  remains,  which  may  be  called 
"  Ms  li^eton  ash." 


Pig.  Sa— Ad)  of  Tea  Leaf, 


Fig.  3t.-rAdi  ti  EOoa  Laa( 


Fig.  92.— Ath  of  Lime,  Fig.  ^a— Aih  of  Tobaooo 

^  29.  Leaf  (agar),  x  29. 

These   skeleton   ashes  of  leaves   (so  far  as  the   author  has 
hitherto  been   able  to  investigate  the  subject),  show  such   de- 
cided differences  the  one  from  the  other,  that  a  great  number 
of  leaves  may  with    a  little  practice  be   rftcsogoiati  \i"j   *0a» 
*32st^  ti&tfcoivn  o/thia  gloss  used  by  the  mcttnco^V. 


§  197.  Chp.mical  Methwl  for  tin 
'rcK.—X  cl.uiiiicrtl  mi-thofl  for  t 
(aiiulU'riuits)  was  lii-st  ilesLTibfd 
It  is  based  upon  two  facts — firsl 
produdiig  plant — wood,  stem,  li 
containB  the  alkaloid;  and,  seco 
sublimed.  The  leaf,  or  fragment 
ia  a  watch-glass  with  a  veiy  U 
magnesia  equal  in  bulk  ia  add 
boiling,  and  rapidlj  evaporated 
Thia  drop  ia  tranaferred  to  the 
the  aeooad  volume  of  this  wor 
limate  be  obtained,  when  heated 
above  the  subliming  point  of  tt 
that  of  a  tea  plant.  On  the  othei 
be  obtained,  it  ia  not  conolusive 
tea  IvaS,  since  other  plants  of  1 
alkaloid. 

Finally,  there  ia  a  n^ative  U 
valuable.  Alt  fragmenta  of  tea  h 
ganese,  ftnd  there  are  a  few  foreig: 
oonatantly  absent.  Hence,  if  a  I 
fragment  of  the  ash  be  taken  up  o 
potaaaic  nitrat«  has  been  added, 
ganat«  of  soda  would  be  sufficient 
been  derived  from  the  tea  plant,  t 


{  197.]  ANALYSIS  OF  TEA.  32S 

• 

Their  chemical  composition  is  somewhat  variable ;  they  all  con- 
tain magnetic  oxide  of  iron,  and  many  of  them  in  addition  phos- 
phate of  iron,  titanate  of  iron,  quartz,  an4  mica,  with  a  little 
sand.  They  are,  without  doubt,  sometimes  an  adulteration  (the 
author  has  himself  found  over  1  per  cent.),  and  sometimes  an 
impurity,  for  in  a  few  teas  mere  traces  only  of  this  ferruginous 
sand  may  be  discovered.  Any  particles  of  the  kind  extracted  by 
the  magnet  should  be  collected  and  treated  with  hot  water,  which 
soon  disintegrates  them ;  the  adherent  tea-dust  is  separated,  and 
the  sand  dried  and  weighed. 

To  detect  facing,  the  tea  in  its  dried  state  should  be  mounted 
as  an  opaque  object*  If  it  has  the  appearance  of  being  heavily 
£su;ed,  soaking  in  warm  water  will  soon  detach  the  film ;  and 
indigo,  Prussian  blue,  or  similar  substances  will  sink  to  the 
bottom,  and  may  be  collected  and  examined.  Indigo  may  be 
identified  by  the  microscope.  Prussian  blue  may  be  tested  for 
by  warming  the  deposit  with  caustic  alkali,  filtering,  acidifying 
the  filtrate  with  hydrochloric  acid,  filtering  again  }f  necessary, 
and  testing  the  filtrate  with  ferric  chloride.  The  residue  leil 
after  treatment  with  caustic  alkali  may  be  tested  for  magnesium 
silicate,  by  first  extracting  with  HCl,  and  then  collecting  the 
insoluble  residue,  and  fusing  it  with  an  alkaline  carbonate.  The 
silica  is  now  separated  in  the  usual  way  by  evaporation  with 
HCl  to  dryness,  subsequent  solution  in  weak  acid,  and  filtration ; 
any  lime  is  removed  by  ammonia  and  ammonic  oxalate ;  and 
lastly,  magnesia  is  precipitated  as  ammon.  mag.  phosphate. 
Magnesia  found  under  these  circumstances  must  have  been 
present  as  steatite  or  other  magnesian  silicate. 

metallic  iron  is,  that  nitric  acid,  1  '2  specific  gravity,  dissolves  it  with  tlM 
production  of  red  fames  ;  it  also  precipitates  metallic  copper,  if  added  to  an 
acidnliUbed  solution  of  cupric  sulphate. 

*  The  facing  of  tea  is  thus  described  by  M.  S.  Julien  :  *' The  leaves  are 
mixed  either  with  powdered  ind^o,  with  powdered  plaster,  or  with  slaked 
lime,  sometimes  even  all  three  substances  being  put  together  in  small  pro- 
portion to  tea  leaves.  These  matters  are  introduced  into  the  basins  at  the 
commencement  of  the  operation,  when  the  leaves  b^in  to  be  covered  with  a 
light  dew  under  the  influence  of  heat.  These  matters  attach  theniselves  to 
the  leaves,  and  communicate  to  them  the  bluish-green  characteristic  of  green 
tea.  ...  In  certain  manufactories  Prussian  blue  is  used  instead  of 
indieo."  ''Industries  Anciennes  et  Modemes  de  TEmpire  Chinois,*'  par 
MAC  Stanislaux  Julien  et  O.  Champion.    Paris,  1869. 


Blightly  mii;,'nified,  is  sei.-n  to  1 
spaces   by   a   network    of    transp 
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The  whole  aectioQ  is  thiu  divided 
Mrent  cells  oonnecting  the  ontidi 
noes.  The  epidermifl  of  both  tb< 
oomposed  of  cells  with  ut  extreme! 
The  atomsta  are  anull,  not  numerc 
leftves  contain  manganeee. 


f  198L]  ASULTBRANTS  Of  TXA.  320 

divided  into  quadrilateral  spaces,  like  the  beech  and  many  other 
leaves,  by  a  transparent  network.  The  epidermis  of  the  upper 
mr&oe  is  composed  of  a  layer  of  thin-walled  ceUs,  generally 
<[nadrilateral,  outline  seldom  sinuous.  The  epidermis  of  the 
lover  surface  has  a  layer  of  thin-walled  cells,  with  a  very  sinuous 
outline.  Stomata  large,  distinct,  and  numerous,  in  many  instances 
nearly  round,  but  the  shape  mostly  oval.     (See  fig.  3S.) 


Rg.  36.— EpjDKRKis  ifRoa  THB  Under  Sdepaci  or  th«  Hawtkout 
Lbat,  X  30a 

Camellia  Saegartqua. — The  leaves  of  Camtilia  aasaanqua  arv 
-oval,  obscurely  serrate  (the  younger  leaves  entire),  dark  green, 
glabrous,  of  somewhat  leathery  consistence;  the  lateral  veins  of 
the  leaf  are  inconapicuouH. 

Mioro-striKture.— The  parenchyma  of  the  leaf  ia  placed  between 
two  thickened  epidermal  layers  ;  the  epidermis  of  the  upper  aui^ 
bee,  as  seen  upon  a  section,  forms  a  wrinkled,  continuous,  thick 
membrane,  in  which  a  cellular  structure  is  not  very  evident 
Below  this  there  are  two  or  three  layers  of  large  cells,  more  or  less 
oblong,  with  their  long  diameter  at  right  angles  to  the  sur&oe  of 
the  leaf;  and  underneath  this  agsin  ia  a  loose  network  of  cells, 
resting  upon  an  epidermis  in  every  respect  similar  to  that  of  th* 
upper  surface,  but  only  half  as  thick.  A  thin  layer  of  eiUier  tb* 
upper  or  lower  epidermis  shows  a  peculiar  dotted  or  reticulated 
Appearance,  not  unlike  the  rugee  of  a  stomach.  The  lower 
epidermis  ia  studded  with  frequent  stomata,  small,  and  of  an 
oblong  shape  (see  fig.  36). 

Sioe  (J^vnttt  commums). — The  leaven  ol  ft»  commsn.  *»**■"«*■ 
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as  that  of  tea.  The  stomata  on  the  lower  aurikce  are  Bcanty.  The 
microscopical  appearances  are  wholly  difiereat  from  those  of  tea 
leavee,  more  especially  as  seen  in  Bection.     (See  &g.  37.) 

Chloranlhtu  Inamgpicuug. — The  leaves  of  the  ChloranlAus  tV 
oontpiettua  are  long,  oval,  serrate,  wrinkled,  the  veins  ruaniug 
nearly  to  the  edge,  and  there  forming  a  network  in  such  a  nuumer, 
that  at  the  point  of  intersection  little  knots  are  formed,  which 


Fig.  38.— (a)  Bpidrkis  of  Undbr  StmfAcs  o 
Chloranthds  Inoonspiouhb,  x  a 
(6)  SzcnoN  HKAK  £001. 
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give  the  margin  of  the  leaf  a  very  rougli  feeliug.  The  structnre 
of  the  leaf  ia  very  simple.  The  epidermia  of  the  upper  sui^iice  is 
formed  of  one  or  two  layers  of  thin-walled  cells,  tbe  epidermis 
of  the  lower  of  one  or  two  layers  also  of  cotls,  ttud  between  the 
two  there  is  a  parenchyma  of  loose  cellular  tissue.  The  stomata 
are  oval  and  rather  numerous ;  their  length  is  irom  '0010  inch, 
their  breadth  -00073  inch.  The  cells  of  the  epidermia  are  large, 
some  of  them  -005  inch  or  more  in  their  long  diameter.'  (See 
fig.  38.) 

§  109.  C/temicai  AtulIi/iU.  —  The  preliminary  examination  of 
the  tea  having  been  concluded,  the  sample  ia  next  submitted 
to  chemical  analysis.  If  the  question  to  be  decided  is  simply 
that  of  adulteration,  the  taste  of  the  infusion,  the  percentage  of 
extract,  and  a.  determination  of  the  chief  constituents  of  the  ash 
are  in  most  cases  all  that  is  necessary;  but  a  more  or  less  complete 
examination  embraces  a  quantitative  eatimation  of  hygroscopic 
moisture,  theine,  total  nitrogen,  tannin,  extract,  gum,  and  ash. 

5  300  Hygroscopic  Moisture. — The  ordinary  method  of  taking 
the  hygroscopic  uioiature  of  tea  ia  to  powder  as  fiiifly  as  possible 
an  indeterminate  quantity  of  &om  1  to  2  grms.,  and  to  heat  it 
in  a  watch-glass  over  the  water-bath  until  it  ceases  to  lose  weight. 
It  should  be  finally  weighed  between  two  watch-glasses,  since  it 
rapidly  absorbs  moisture  &om  the  air. 

The  method  given  is  in  its  results  incorrect,  since  some  volatile 
oil  and  a  small  proportion  of  theine  are  always  volatilised.  That 
theine  is  actuaUy  lost  is  capable  of  rigid  demonstration ;  it  is 
only  necessary  to  heat  a  few  leaves  of  tea  between  two  wat^A- 
glasses  over  the  water-bath,  and  theine  crystals  can  be  readily 
discovered  by  the  microscope.  To  devise  a  process  of  drying  tea 
which  will  represent  water  only  is  easy  ;  but  since  the  loss  both 
of  volatile  principles  and  theine  does  not  materially  affect  the 
results,  it  is  scarcely  worth  while  to  complicate  the  analysis  by 
the  use  either  of  a  lower  temperature  or  of  processes  of  absorp- 
tion. The  highest  amounts  of  moisture  in  a  genuine  tea  which 
are  on  record  are  two  Bpecimena  from  Gschar,  analysed  by  Pro- 
fessor Hodges — the  one  (indigenous)  gave  16-06  per  cent.,  the 
other,  a  hybrid,  162  per  cent.  These  were,  however,  not  com- 
mercial teas,  and  appear  to  have  beea  simply  dried  in  heated 
rooms.     The  average  hygroscopic  moisture  found  by  Mr.  Wigner 

*  The  leaven  of  EpU/Axum  angratifol'atm  [commoa  vMlow  iKrb)  are  laid  to 
he  extensively  used  m  Busaia  for  the  adnlleration  of  tea.  "Hie  dried  leavM 
are  >old  for  from  four  to  eii  roubles  a  pound,  and  are  used  by  the  pooiw 
elaMiat  in  the  place  of  tea.  Alcahal  prodacea  in  infmions  of  epUobmin  a 
wadpittto  of  mucilage. — Phorm.  Znttck  J^  Ruuiliuui  «ad.  TMr-Book  ^ 
7'Aarmaey,  1876. 
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in  thirty-fLve  teas,  consisting  of  Hysons,  Capers,  Souchongs,  Onn* 
powders,  and  others,  was  7*67  per  cent.,  the  driest  teas  being  the 
Mysons  and  Gunpowders,  the  moistest  the  Congous  : — 

Per  cent 

The  maximnm  amount  of  moisture  found  in  Hyson,    .  5*68 

The  minimum  ,,  ,,  „  ,  4*84 

The  maximum  ,,  ,,  Gunpowder,  6*55 

The  minimum  ,,  ,,  „  4*94 

The  maximum  „  „  Congou,    .  10*33 

The  minimum  „  „  „         .  6*36 

§  201.  The  BstimaUon  of  Theine  or  Caffeine, — The  modem  pro- 
cesses for  extracting  theine  fall  chiefly  under  three  heads  : — 

(1.)  Extraction  by  treating  a  decoction  of  the  thetne-conUUning 
auMances  loith  lime  or  burnt  magnesia,  evaporation  to  dryness,  and 
mibsequerU  solution  of  the  alkaloid  by  chloroform,  ether,  or  benzi/ns. — 
The  ^ndamental  idea  of  this  process,  perhaps,  belongs  to  MiQler ; 
it  has  also,  with  various  modifications,  been  recommended  by 
Clous,  Commaille,  Dragendorfl^  and  many  other  chemists. 

Commaille  adopts  the  following  method  : — 5  grms.  of  the  finely 
powdered  and  carefully  sifted  substance  are  made  into  a  hard 
paste  with  1  grm.  of  calcined  magnesia.  This,  after  standing 
for  twenty-four  hours,  is  dried  upon  a  water-bath  and  powdered. 
The  resulting  green  powder  is  exhausted  three  successive  times 
in  a  fiask  with  boiling  chloroform,  the  fiask  being  connected 
with  an  inverted  Liebig's  condenser,  so  that  the  action  may  be 
continued  for  a  long  time.  The  cool  solution  is  filtered,  the 
chloroform  recovered  by  distillation,  and  the  residue  in  the  flask 
dried.  This  residue  consists  of  resinous  fatty  matters  and 
theine ;  the  former  are  removed  by  treating  the  contents  of  the 
flask  with  hot  water  and  10  grains  of  powdered  glass,  which 
have  been  previously  washed  with  dilute  hydrochloric  add. 
The  water  is  boiled  and  the  contents  shaken  up  with  the  glass ; 
the  resinous  matters  attach  themselves  to  the  latter  in  the  form 
of  little  globules.  The  solution  is  poured  on  a  wet  filter,  and 
the  residue  completely  exhausted  by  repeated  boiling  with  fresh 
quantities  of  water.  On  evaporating  the  united  filtrates  in  a 
tared  capsule,  pure  cafi*eine  is  left  in  the  form  of  white  crystals. 

Dragendorfi*  takes  5  grms.  of  the  substance,  exhausts  it  with 
boiling  water,  evaporates  to  dryness,  adding  2  grms.  of  burnt 
magnesia  and  5  of  ground  glass ;  the  finely  powdered  residue  is 
soaked  in  60  cc.  of  ether  for  twenty-four  hours,  and  finally 
thoroughly  exhausted  by  ether.  The  latter,  when  separated  and 
evaporated,  leaves  the  theine  in  a  tolerably  pure  state.  He  also 
states  that  ether  may  be  replaced  by  chloxotoxm.  ^^aATieoc^^ 
and  Caillot  recommend  a  very  similar  procQai&,)ax3L\i  TCi^J^<^RSv&»^s^ 
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(2.^  That  the  heat  be  only  gradually  increased. 

(3.)  That    the    mixture    be   occasionally    cooled,    and    then 
thoroughly  stirred. 

(4.)  That  the  sublimation  be  prolonged  for  a  sufficient  time. 

The  sublimation  is  finished  when  a  funnel,  inverted  over  the 
Bubfitanoe,  heated  to  about  150^,  and  left  for  half  an  hour,  shows 
no  crystals. 

An  improvement  on  this  process  is  to  place  the  paste  on  a 
ground  glass  plate,  to  which  a  flanged  funnel  has  been  ground 
so  as  to  fit  air-tight.  The  apparatus  is  then  connected  with  a 
liane-Fox  mercury-pump,  and  an  absolute  vacuum  produced. 
By  the  aid  of  a  shallow  sand-bath,  the  theine  may  be  sublimed 
at  a  very  gentle  heat. 

§  202.  Determination  of  Total  Nitrogen, — Peligot,  and  "Wanklyn 
as  well,  has  laid  particular  stress  on  the  large  amount  of  nitrogen 
contained  in  tea  leaves.  This  nitrogen  is,  of  course,  largely 
dependent  on  the  theine,  and  it  is  questionable  whether,  with 
the  improved  methods  for  the  extraction  of  the  latter,  it  is 
worth  while  to  make  a  combustion,  more  especially  as  the 
exhausted  leaves  are  highly  nitrogenous,  from  the  presence  of 
an  albuminous  body.  The  process  is  conducted  in  the  usual 
way  in  a  combustion  tube,  and  best  with  copper  oxide.  The 
following  are  a  few  determinations  of  total  nitrogen  : — 

Per  cent.  Analysed  by 

A  Bami)le  of  ^nnine  tea  from  Cachar,  .        4*74  Hodges. 

A  hybrid  variety,                        do.,       .        2*81  „ 

Another  sample  from  Cachar,        .                 4*42  „ 
Sample  taken  from  60  green  teas  slightly  )  n.^a 

faced,     .        .        T        .         .        .      \  *' 

60  Black  teas,       '.                                  '.        3*26  Wigrier. 

6  Assam  teas 3*64  „ 

6  Caper  teas, 3*32  „ 

Assam  tea,  from  Dr.  M*Namara*s  garden,      3*88  ,, 

Sample  of  exhausted  leaves,  .        .         .3*80  ,, 

Mr.  Wanklyn  has  applied  his  ammonia  process  to  the  examina* 
tion  of  tea.  The  soluble  matter  from  100  mgrms.  of  tea  is  heated 
with  a  10  per  cent,  solution  of  potash  in  a  flask  fitted  to  a  proper 
condenser,  until  all  the  ammonia  is  distilled  over.  It  may  be 
necessary  to  add  water  once  or  twice,  and  redistil ;  then  50  cc.  of 
a  strongly  alkaline  solution  of  permanganate  of  potash  are  added 
and  distilled;  the  ammonia  in  the  distillates  is  estimated  by 
**  Nesslerising."  Mr.  Wanklyn  gives  the  following  figures  as 
yielded  by  a  genuine  tea — 

Mgrms. 

Free  Ammonia, 0*28 

Albuminoid  Ammonia^        ......        ^'^ 


^ujijier  process,  Mr.    Allen's  a 
thal's  process. 

(1.)   By  Gelaline.—Thc   best 
that  u'liicb  dispenses  witb  tht 
dpitate.    A  solation  of  geUtii 
ing  the  gelatine  in  cold  water  ] 
heat  to   100°,  by  placing  thi 
strength  should  be  about  three 
cent,  of  alum  should  be  added, 
prepared  is  put  into  an  alkali 
oarefully  weighed.     A  solution 
tannin  is  now  titrated  with  tli 
longer  oocnra ;  the  flaak  is  rewei 
matelf  the  strength  of  the  sol 
determinations  wUl  be  required 
neoeasary  to  allow  the  precipitat 
few  drops  of  the  supemataat  flu 
glass,  to  which  a  drop  of  gelatin 
|»oint  of  saturation  ascertained. 
18,  of  course,  estimated  on  precist 

(2.)  Coppw  iVoeew.— When  a  J 
required  it  is  best  to  precipitate 
tea  are  boiled  for  an  hour  in  1' 
tered,  the  filtrate  boiled,  and  whi 
ofcopper  acetate  [1  :  20]  added.  ' 
burnt  to  an  ash,  oxidised  with  a 
weighed.     1  imn.  "f  ^-^     '  ■"'" 
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•nd  dropping  in  the  tannin  liquid  until  a  small  portion  filtered 
gives  a  pink  colour  with  the  indicator. 

Tea  is  tested  in  a  precisely  similar  manner.  Mr.  Allen's 
method  is  tolerably  speedy  and  accurate ;  the  writer  has,  how- 
erer,  found  the  final  reaction  somewhat  difficult  to  observe. 

(4.^  L'&werUhaCa  Process, — Up  to  the  present  time  this  method 
(originally  worked  out  for  barks)  is  the  best  we  possess ;  it 
depends  on  the  oxidation  by  permanganate,  and  indigo  is  used 
as  an  indicator.  It  not  alone  gives  us  the  tannin,  but  the 
amount  of  other  astringent  matters  as  well.  The  following 
solutions  are  required  : — 

1.^  A  solution  of  potass,  permanganate,  1*333  grms.  per  litre. 
2.)  Precipitated  indigo,  5  grms.  per  litre. 
3.)  Dilute  sulphuric  acid  (1:3). 

(4.)  A  solution  of  gelatine,  25  grms.  to  litre,  saturated  with 
table-salt.* 

(5.)  A  saturated  solution  of  pure  salt,  containing  25  cc.  of 
sulphuric,  or  50  cc.  of  hydrochloric  acid  per  litre. 

The  analysis  as  applied  to  the  determination  of  tannin  in 
barks  is  performed  thus  : — 10  grms.,  say,  of  sumach  are  taken 
and  exhausted  by  boiling  with  water,  and  the  solution  made 
up  to  1  litre ;  of  this  infusion,  10  cc.  are  mixed  with  75  cc.  of 
water,  25  cc.  of  the  indigo  solution  added,  and  10  ca  of  the  dilute 
sulphuric  acid.  The  permanganate  solution  is  run  drop  by  drop 
firom  the  burette  with  constant  stirring,  till  the  blue  colour  ' 
changes  to  yellow,  when  the  amount  of  permanganate  used  is 
noted  {x).  The  same  process  is  repeated  with  indigo  and  sul- 
phuric acid,  and  the  amount  read  off  (y) ;  subtracting  y  from 
x^toisX  astringent  matters.  The  permanganate  oxidises  both 
tannin  and  indigo  ;  but  the  tannin  being  the  easier  to  oxidise,  is 
consumed  first.  In  order  to  obtain  accurate  results,  the  propor- 
tion of  indigo  should  be  such  as  to  require  about  twice  the 
quantity  of  permanganate  which  would  be  consumed  by  the 
tannin  alone.  Thus,  if  indigo  alone  requires  10  cc.  of  perman- 
ganate to  decolorise  it,  the  indigo  and  tannin  together  must  not 
take  more  than  about  15  cc. ;  if  it  does  so,  the  tannin  must  be 
diluted  accordingly.  The  total  astringent  matters  being  known, 
the  next  step  is  to  throw  the  tannin  out,  and  estimate  the  gallic 
acid  and  impurities.  100  cc.  of  the  infiision  are  mixed  with  50 
oc.  of  the  salted  gelatine  infusion  ;  after  stirring,  100  cc.  of  the 
salt  acid  solution  are  added,  and  the  mixture  allowed  to  stand 

*  Lowenthal  prepares  the  solution  by  steeping  25  grms.  of  the  finest 
Cologne  fflne  in  cold  water  over  night ;  it  is  then  melted  on  the  water-bath, 
aatarated  with  NaCl,  and  made  up  to  1  litre  with  utoreXioi  '^«K\  v^:q^s^^^^ 
fatered,  Mnd  kept  well  corked. 


I 


r>0  cc.  of  itidi^o  siilutiun  nlon 

Total  iicrman-anate  fur  "JO  cf 

(2. )  SO  oc  mtrate  from  the  gektii 

26  oc.  indigo  loliitiaD, 

Da, 

SO  GC  indigo  aloae, 
Omllic  acid  uid  impuritiei, 

Dedacting  9-1  cc.  from  199  cc.  eq 
equiv&lent  to  the  tannin  of  20  cc  i 
of  dry  Bnmach.  It  is  well  to  ascer 
g&nate  Bolation  by  ox&Iic  acid,  ad 
Neubaaer  and  Oser — viz.,  that  0 
004167  gallo-tannio  and  062355 
it  be  preferred  to  use  tannin,  the  p 
be  precipitated  by  lead,  the  preci] 
nanal  way,  and  the  eolntion  of  pu 
complete  dryness,  and  a  solution  c 
The  prooeu  requires  but  little  mi 
tea. 

The  amount  of  tannin  in  genati 
S.  Janke,  using  the  acetate  of  coj 
the  tannin   in  eighteen   eamples 
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Exhausted  tea  leaves  yield  from  2  to  4  per  cent,  of  tannin.  A 
tea  giving  only  6  per  cent  of  tannin  is  to  be  regarded  as 
suspicious,  bat  care  must  be  taken  not  to  rely  upon  any  single 
indication. 

§  204.  The  ExtrcLct. — The  extract  is  a  measure  of  the  soluble 
matter  in  tea.  Peligot  exhausted  the  leaves  and  then  redried 
them,  and  thus  estimated  the  soluble  matter  by  difference. 
Wanklyn,  however,  has  proposed  a  more  rapid  and  convenient 
method.  It  consists  in  taking  10  grms.  of  tea,  and  boiling  with 
500  ca  of  water,  the  flask  being  adapted  to  a  Liebig's  condenser. 
When  50  cc.  are  distilled  over,  the  process  is  stopped,  and  the 
50  cc.  returned  to  the  flask ;  50*3  grms.  of  the  hot  strained  liquid 
are  then  weighed  out  and  evaporated  to  dryness.  Wigner  boils 
with  a  vertical  condenser  for  an  hour,  and  finds  that  1  per  cent, 
strength  yields  the  most  constant  results.  Perhaps,  on  the 
whole,  the  best  process  is  the  following  : — Place  one  part  of  tea 
in  100  of  water,  boil  for  one  hour  with  a  vertical  condenser,  and 
then  take  an  aliquot  part  of  the  filtered  liquid  for  evaporation. 
In  every  case  the  time  occupied  in  boiling,  and  the  strength, 
should  be  mentioned  in  reporting,  for  two  analysts  operating  by 
different  methods  may  differ  as  much  as  6  or  8  per  cent. — the 
soluble  matter  not  being  entirely  removed  for  a  very  long  time. 
Since  the  substances  that  are  at  once  dissolved  are  really  those 
upon  which  its  commercial  value  depends,  it  is  a  question  whether 
it  would  not  be  better  simply  to  pour  boiling  water  on  the  leaves, 
let  the  infusion  stand  for  one  hour,  and  then  estimate  the  extract, 
calling  it  eoctract  of  infusion. 

Any  addition  of  exhausted  leaves  lowers  the  percentage  of 
•extract.     The  following  are  some  determinations  of  extract : — 


Per  cent 

Analysed 'by 

Java  tea,  dried. 

35-2 

PeUgot 

,,         not  dried, . 

327 

)» 

Pekoe,  ordinary,  dry, 

41-5 

9f 

,,       nndried,        . 

38*0 

>» 

Gunpowder,  dry, 

61-9 

«» 

„           nndried. 

48-5 

>> 

dry,       . 

46-9 

>» 

„           nndried. 

50*2 

«» 

Moyone  Gnnpowder, 

407 

Wigner. 

>i 

39-3 

»» 

i»                        • 

38-5 

t» 

i» 

37-9 

>t 

)>                        ' 

33-3 

»> 

Imperial,  dry,  . 

431 

PeUgot 

„        not  dried, . 

39-6 

)» 

,,        dry,  . 

47-9 

»^ 

not  dried, . 

44-0 

t> 

0»P«*.  dried,    ! 
»      Botdiied, 


AmMi,dtMd,  .' 
•I       uotdriad, 

5^     •       .' 

Mo jone  Young  Hywn 

TodiwotfromOfima^'j 

iB^to  Tea,  diy" 

Broken  Induut' 
Induui  SoDohoa^      ' 

fluaala jBi)  Xg. 
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TABLE  XXIII. 


ZOLLKR. 

Hoi 

Tea  from 
Cochar 

>OKS. 

ZOLLKR. 

WlOKBR. 

Ash  of 
fine  young 

Tea  from 

Cachar 

(hybrid). 

ExhaoBted 

Tea 
Learea. 

Ash  of  a 
1  number  of 

Ash  of  a 
number  of 

Himalayft 
Tea. 

(Indigen- 
ous). 

>    Mixed 
Black  Teas 

1 

Mixed 
OreenTeaa 

Potaah,      . 

39-22 

35-200 

37-010 

7-34 

30-92 

28-42 

Soda, 

0-65 

4-328 

14-435 

0-59 

1-88 

208 

MagDeaia,  . 

6-47 

4-396 

5-910 

11-45 

•  ■  • 

•••• 

Lime, 

4-24 

8-986 

5-530 

10-76 

•  •  • 

... 

Oxide  of  Iron,    . 

4-38 

2-493 

2-463 

9-63 

•  •• 

... 

MaDganons  Oxide, 

103 

1-024 

0-800 

1-97 

•  •• 

••• 

Phosphoric  Acid, 

14-65 

18030 

9-180 

25-41 

•  •  • 

... 

Snlphnric  Acid, . 
Chlorine,   . 

trace. 

5-040 

6-322 

trace. 

4-88 

5-66 

0-81 

3-513 

2-620 

trace. 

•  •  • 

•  •  • 

Silica  and  Sand, 

4-35 

0-500 

1-300 

7-57 

1-70 

7-50 

Charcoal,   . 

•  •  • 

2-900 

1-830 

•  •  • 

•  • 

*•• 

Carbonic  Acid,  . 

24-30 

13-590 

12-600 

25-28 

11-60 

6-43 

100  00 

100  00 

100-00 

10000 

Percenta^    of  ) 
total  Asn  sol-   > 

•  •  • 

•  ■  • 

... 

•  •  • 

57-00 

52  85 

nble  in  water,  ) 

The  ash,  on  being  cooled  and  weighed,  is  next  boiled  up  with 
a  little  water,  the  soluble  portion  filtered  from  the  insoluble,  and 
washed  in  the  ordinary  way.  The  filtrate  is  evaporated  to  dry- 
ness, very  gently  ignited,  and  returned  in  percentage  as  soluble 
ash.  The  insoluble  portion  is  next  treated  with  acid,  and  the 
remaining  sand  dried,  ignited,  and  weighed.  The  alkalinity  of 
the  soluble  portion  should  also  be  taken,  and  may  be  returned 
as  potash.  This  simple  examination  of  the  ash,  consuming  very 
little  time,  gives  tolerably  well  all  the  information  afforded  by 
a  complete  and  exhaustive  analysis.  The  table  (XXIY.)  shows 
a  few  percentages  of  ash,  and  may  be  compared  with  the  per- 
centages of  beech,  bramble,  <bc. 

All  the  analyses  hitherto  published  show  that  the  percentage 
of  ash  in  genuine  tea  never  reaches  8  per  cent.     An  ash  beyond 
8  per  cent.,  calculated  on  the  dried  tea,  ia  cettamV^  ^\A\at%^^« 
Jn  the  same  manner,  &U  genuine  tea  poEBesaoE  &  ^oVv3\A^  ^^  ^^^ 
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11 

hi 
|5l 

hi 

i 

1 

AvIboiV. 

Average  of  17  or<liu»ry\ 

Teas    from    origiiuU  1 

Indian,  12  CoDKOaa.  i 

376 

3-07 

2-25 

0-43 

1-38 

G.  W.  Wigner. 

2  Guupowdere,  aad  1 1 
Hysou,      .        .         } 

MnxiriiHin,      .         . 

6-03 

3-35 

2'37 

0-76 

l'S8 

Mimmnin,       . 

6-53 

2-76 

1-90 

015 

I-I7 

Average  of  35  Biwcud  ) 

5-93 

333 

209 

0-53 

138 

7-02 

3-88 

268 

1-67 

1« 

517 

264 

1-33 

0-04 

1-08 

Genuine  Iiidiao  Tea,   . 

S'lii 

2-90 

A.W>-nt«rBlyth. 

Common  Ten.      . 

5-92 

3-55 

Paranuay  Ten.     . 

6-28 

4-22 

Average  of?  TeM, 

5-76 

A.  S.  WiUon. 

9           M 

5-66 

3-00 

A.  H.  Allen. 

5-30 

3-50 

green. 

BGO 

3-80 

AmbrosiM  bl&ck, 

560 

3-40 

Genuine  bit,  ai.edlh., 

5-60 
5-70 
0-02 
6-34 
610 
575 

3-09 
328 
3-26 
320 
3!>6 

3-oe 

;;; 

:;; 

■; 

;.'          3B."ib..    . 

550 

3'55 

5'40 

2-SO 

Caper  (*-8  sUioa), 

II-W 

1-50 

Mixed  dry  enhauated  ) 

lesvea  from  various  f 

4-30 

052 

t™,,       .       .        ( 

Coffee  leaves. 

10-32 

3-77 

Beech, 

4'52 

2-«> 

Wanld'yn. 

Bramble.     . 

4'5» 

1-S4 

7-84 

172 

Hawlhorn, 

8-an 

3-78 

Willow,       .         .        . 

9-34 

416 

'.'.'. 

Plum,          .         . 

il'WJ,   5-66 

Elder. 

10-671    3-19 

Gooseberry.         . 

I3'50     7-83 

Jtva  than  3  per  cent.     For  eTia.TO\i\e*  ol  <Jov\si'os.\^  ImQiire  ashee, 
JUr.  WignerB  paper  may  te  qw.oV«A  itom.  ».^\\i.v— 
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Total  Ash. 

Ash 
Soluble  in 

Soluble  in 
Add. 

SiUca. 

AlkaU 
oalculftted 

ExtrMt 

Water. 

12-58 

atPotaah. 

Gunpowder, 

19-73 

1-00 

615 

0-14 

37-78 

Caper, 

14-44 

1-95 

2-47 

10-02 

103 

35-45 

f»           •        • 

15-20 

169 

5-35 

8-16 

0-61 

31-60 

f » 

15-08 

1-96 

5-65 

7-47 

0-73 

35-60 

»t           • 

12-74 

2-68 

5-44 

6-62 

104 

.*• 

*f 

14-60 

2-67 

6-67 

6  06 

1-04 

... 

All  these  teas,  although  imported  in  this  state,  are  evidently 
mixed  with  sand  to  a  considerable  extent 

§  206.  Determination  of  Gum, — If  it  is  necessary  to  determine 
the  gum  in  tea,  as  sometimes  happens,  the  aqueous  decoction 
should  be  evaporated  nearly  to  an  extract,  and  the  residue 
treated  with  methylated  spirit,  filtered,  and  washed  with  the 
spirit.  The  gum  is  dissolved  off  the  filter  by  the  aid  of  hot 
water,  and  the  solution  evaporated  to  dryness,  and  weighed  ;  it 
is  then  ignited  to  an  ash,  and  the  mineral  deducted  from  the 
total  weight.* 

§  207.  General  Review  of  tlie  Adulterations  of  Tea. — The  most 
frequent  are,  certainly,  the  addition  of  sand,  generally  strongly 
impregnated  with  iron,  the  addition  of  foreign  and  exhausted 
leaves,  and  the  addition  of  astringent  principles,  such  as  catechu, 
&,c.  All  these  adulterations  must  take  place  abroad,  there  being 
no  evidence  that  a  single  hundredweight  of  tea  has  been  tampered 
with  in  England, — the  blame  may  lie  with  the  home-ti-aders,  but 
2>roof  is  wanting.  On  the  other  hand,  it  not  unfrequently  happens 
that  cargoes  of  tea  recovered  from  sunk  vessels,  or  teas  damaged 
in  some  other  way,  are  sold  and  blended  by  wholesale  manufac- 
turers with  those  that  are  genuine.    Such  samples  contain  usually 

•  H.  Hager  is  (Pfiarm.  CtiUral.  Ifalley  1879,  258)  the  author  of  a  general 
process  of  analysis,  which  possesses  some  good  points  :  10  grins,  of  tea  are 
infused  in  100  cc.  of  warm  water,  and  allowed  to  stand  for  two  days ;  the 
solution  is  poured  off,  and  another  100  cc.  of  water  added  to  the  partially- 
exhausted  leaves,  which  are  then  unrolled  and  botanically  examined. 
50  cc.  of  the  solution  are  evaporated  to  dryness  ;  10  cc.  of  the  solution 
should  give  no  turbidity  in  the  cold  when  an  equal  volume  of  alcohol  is 
added.  For  the  estiraatiou  of  theine,  10  grms.  of  tea,  3  grms.  of  sodio  car* 
bonate,  and  3  grms.  of  litharge  are  made  into  a  paste  with  10  firms,  of  water 
dried  up  and  extracted  with  chloroform.  For  the  special  detection  of 
catechu,  *1  grm.  of  tea  is  extracted  by  100  cc.  of  boiling  water.  This  solu- 
tion is  boiled  with  excess  of  lead  oxide,  and  the  filtrate  (which  must  be 
clear)  mixed  with  a  solution  of  silver  nitrate.  Pure  tea  gives  only  a  slight 
grey-black  troubling  of  metallic  silver,  but  tea  ad\i\WTaL\^^  '^Wi.  ^»2w^(^s£Q.i 
strong  yellow  docctuent  precipitate. 


Any  aimnint  jircsfiit,  to  tlii'  cxtei 
shown  by  i)n'fi[iit;»tiii^'  an  infnsiou  < 
i)f  neutral  lead  ricetate,  tiltiTiiif;,  ni 
chloride  solution.  If  catechu  be  p 
colour,  Bud  ultimately  a  precipitat 
[See  also  Hager's  method,  footnote, 
mtored  from  the  lead  precipitate  gii 
argentic  nitrate.  Mr.  Allen  has  j 
his  lead  process  in  cases  of  adulte: 
self-evident ;  for  catechuic  acids  poi 
widely  different  from  that  of  tannin 
there  are  always  anomalous  result 
BStringency  than  could  possibly  ex 
catechu  examined  in.  this  way,  and  i 
paradoxical  number  of  11  per  cent. 

Soluble  iron  salts,  alkaline  carbo 
are  st&ted  to  be  occasionally  added, 
these  appears  to  be  on  record.  Tl 
course,  be  dissolved  from  the  tea  1 
iicetio  acid,  and  the  liqnid  tested  in 
no  confusion  between  the  iron  natui 

§  208.  Bohemian  ?«).*— It  woul 
there  has  been  cultivated  in  Bohemi 
the  common  "Gromwell"  of  our  c 
been  dried  and  sold  as  Thea  Chinens. 
riiian  Tea."      They   have  also   bee 
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Cellulose, 5*9637 

Tannin, 8-2647 

Fat, 9-2910 

Other  nitrogen-free  organic  substances,       .        .  26*4941 

Albuminous  matters, 24*5406 

Ash, 205960 

Water 4*8599 
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§  209.  "The  Mate,  or  Paragii.iy  Tea  Tree  {Ilex  mate  para- 
j/itai/ensu),  is  a  amBill  tree,  beloDging  not  to  the  family  of  the 
lltciie,  na  etateU  by  dome,  tut  to  the  Celatlriiteir ;  it  readies  in 
lieiglit  ordinarily  4  or  6  metres,  aoraetimes  7.  Its  tmnk  is  about 
20  cm.  in  circumference,  and  is  covered  by  a  whitish  bark.  The 
leaves  are  oblong,  cuneifoi-m,  obtuse,  and  finely  dentate.  It 
has  ancillary,  multipartite  peduncles,  calyx  tetrasepalons,  the 
corolla  with  four  petals  in  the  form  of  a  crown,  style  none, 
stigma  4  fid,  fruit  a  four-celled  berry.  The  plant  grows  very 
,  abundantly  in  Paraguay,  North  Gorrientes,  Chaco.  and  South 
Brazil,  where  it  forma  woods  oall*d  '  Yerboles.'  " 

Mate  is  prepared  in  Paraguay  thus  ; — The  entire  trees  are  cut- 
down,  and  the  small  branches  and  shoots  are  taken  with  the 
Ipavea,  and  placed  in  the  laCaciia,  a  plot  of  earth  about  6  feet 
square,  surroundi^d  by  a  fire,  where  the  plant  undergoes  ita  first 
roasting.  From  thence  it  is  taken  to  tin?  bartiacita,  or  gvatiag 
supported  by  a  strong  arch,  underneath  which  bums  a  large  fire. 
Here  it  is  submitted  to  a  particular  torrefaction,  determined  by 
experience,  wliich  develops  the  aromatic  principle.  Then  it  ia 
reduced  to  a  coarse  powder  in  mortars  formed  of  pits  dug  in  th& 
earth,  and  well  rammed.  It  is  next  put  into  fresh  bullock  skins, 
well  pressed,  and  placed  in  the  sun  to  dry.  The  packages 
(lercois)  thus  obtained  weigh  from  90  to  100  kilograms,  and  have 
an  average  commercial  value  of  1  to  2  dollars  the  kilogram. 

SenSr  Arate  gives  an  analysis  of  mat^ — 

In  100  parli. 
Organic  combustible  Bubfltancea,        .         ■        .         91'6S5 
Aah, 8-315 

The  Mh  contains— 

Lime  (CaO), 12-344 

Masnesia, 1I-39S 

Sodi 7281 

PotRih, 2-984 

MangaDese  dioxi<le 2-500 

Feme  oiide, 3'410 

Sulphuric  acid, 0-926 

Hydrochloric  acid, 0716 

Phosphoric  acid 6-MO 

Carbonic  acid, S'160 

Sand,  silica,  carbon,  and  loss,   ....  44'T54 

Tbo  enormous  relative  c^uantity  of  sand  is  a  result  of  tho 
mode  of  preparation  in  excavatvoii^  m%d,%u^'Oa«%cisL.  The  planb 
cotttaiaa — 
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PrincipleB  soluble  in  ether,        ....  9*820 

,,            ,,            alcohol,     ....  8*432 

„            ,,            water 26*208 

„            „            water  acidulated  with  HCl,  7*260 

„            „            in  solution  of  caustic  soda,  16*880 

Cellulose, 13*280 

Water, 9*000 

Sand, 9120 

100-00 

Theine  averages  1  *3  per  cent  The  tannin  of  mat6  is  peculiar; 
it  does  not  tan  hides,  and  requires  a  special  method  for  its  esti- 
mation; it  amounts  to  about  16  per  cent.  Mat6  also  contains  a 
large  quantity  of  a  peculiar  fatty  matter.  Mat^  does  not  exalt 
the  peripheric  nerves  like  tea,  nor  the  cerebric  like  coffee,  but 
appears  to  have,  in  some  degree,  a  narcotic  action.  The  usual 
way  of  taking  it  is  by  sucking  it  up  through  a  reed  called  a 
«  bonibilla." 

MM.  d*Arsenval  and  Couty  have  recently  inquired  into  the 
action  of  mat€,  administering  it  to  dogs  by  injection  into  the 
stomach.  They  found  it  diminish  the  carbon  dioxide  and  oxygen 
of  the  arterial  and  venous  blood  to  a  considerable  extent,  some- 
times to  a  third  or  even  half  the  normal  quantity.  This  action, 
which  is  less  intense  during  digestion,  and  has  no  necessary 
relation  to  phenomena  of  excitation  of  the  sympathetic  nerve- 
system,  is  somewhat  obscure  as  to  its  ''mechanism;'*  but  its 
existence  proves  directly  the  importance  and  nutritive  value  of 
the  aliment  in  question. 

A  species  of  Ilex — viz..  Ilex  casaivay  employed  as  a  tea  in 

Virginia,  has  been  analysed  by  M.  Kyland  and  T.  Brown,  who 

found 

Volatile  oil, 0*011 

Wax  and  fatty  matter, 0*466 

Resin, 3*404 

Chlorophyll, 2*491 

Theine, 0122 

Tannin, 2*409 

Colouring-matter  soluble  in  alcohol, .        .        .  4*844 

Extractive  matter  soluble  in  alcohol,         .        .  10*149 

Extractive  matter  insoluble  in  alcohol,               .  4*844 

Amidon  and  pectine, 15*277 

Fibre, 33*827 

Ash, 3*995 


COFFEE. 

§  210.  The  coffee  berry  is  the  seed  dried,  and  deprived  oC  it& 
Heshjr  coverings,  of  the  Caffea  orobica,  "S«A..  Ot^  CvwiWwiftM»' 


i 


i 


Fig.  39.  Coffee  tinnet,  X]  7a 
which  it  is  difficult  to  trace  the  cell-i 
of  the  seed,  more  especially  in  the  o 
Trith  drops  of  oil.  A  thin,  tough,  Ja 
(fig.  39,  b)  may  be  detached  from  tl 
composed  of  a  aeries  of  spindle-shape 
which  shows  signs  of  fibrillation,  au< 
uumber  of  Tory  fine  fibres,  adhering 
a  continnous  sheet. 

The  microscopical  structure  just  c 
tinguishes  coffee  at  once  fi^om  all  oth 
while  the  tissues  of  roots,  such  as  c 
thin-walled,  vf^table  cells,  with  a  gt 
large  spiral  vessels),  are  entirely  d 
indeed,  to  be  built  on  a  difi'erent  plan 

§  211.  Chemical  Changei  during  Ho 
ing  is  to  drive  ofi*  a  lai^  quantity  of 
quantity  of  theiae,  to  change  a  portio 
to  rupturo  the  ceU-lnvp™  „„^t^:-.-- 
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appear  that  roasted  coffee  gives  up  more  to  water  than  does  raw 
coffee;  for  Cadet  found  that  beans  roasted  to  a  light  brown 
yielded  to  water  12*3  per  cent.;  to  a  nut-brown,  15*5  per  cent.; 
and  to  a  dark-brown,  21*7  per  cent.  Vogel  also  gives  the 
soluble  matters  in  raw  coffee  as  28  per  cent. ;  and  in  roasted,  39 
per  cent.  The  amount  of  sugar  changed  is  always  considerable; 
thus,  Graham  and  Stenhouse  found  the  following  differences  in 
the  percentage  of  sugar  between  the  raw  and  roasted  coffees ; — 


Highest  amoant, 

Lowest  amount, 

Average  of  twelve  specimens  grown  in  ) 
different  places,     .         .        .       j 


Baw. 
Percent 

7-78 
6-70 

0-97 


Boasted. 
Per  cent 

114 

•  •  • 

0-26 


Konig  has  studied  the  changes  taking  place  in  roasting,  and 
his  ^aews  and  experiments  are  as  follows*  : — 

-300  gnus,  of  coffee-berries  containing  11*29  per  cent,  water  gave,  on 
roasting  to  a  light  brown  colour,  246*7  grms.  of  roasted  coffee,  containing 
3*19  per  cent,  water.     We  have  therefore— 

1.  Taken  300  grms.  coffee  berries,  .     =266*15  grms.  dry  substance. 

2.  Obtained  246  grms.  roasted  coffee,     =238*83        ,,  ,, 
Then  loss,  53*3  grms.,     .        .         .     =27*32  grms.  dry  substance. 

Or  in  per  cent.,  17*77,     .        .        .     =  9*11  per  cent,  organic  substance. 

Hence,  in  roasting,  8*66  per  cent,  of  water,  and  9*11  ])er  cent,  of  organic 
substances  have  been  lost.  This  is  divided  among  the  constituents  of 
coffee  as  follows.     (See  Table  XXV.) 

§  212.  ConstitueTits  of  Coffee, — The  main  properties  of  coffee 
are  apparently  due  to  four  distinctive  substances : — (1.)  Unessential 
oil,  not  yet  completely  studied;  (2.)  caffeo-tannic  acid;  (3.)theine 
or  caffeine ;  (4.)  a  concrete  oil  or  fatty  substance. 

Tfteine,  or  Caffeiney  is  described  at  p.  316. 

Caffeo-tannic  Acid,  Cj^HgOy,  was  first  observed  by  Pfaff,  in  the 
seeds  and  leaves  of  the  coffee  plant ;  it  also  occurs  in  the  root  of 
the  Chiococcu  racemosay  and  in  the  leaves  of  the  Ilex  paraffuayensis, 
S.  Hil.  It  may  be  separated  from  coffee  by  fractional  precipita- 
tion of  the  infusion  with  acetate  of  lead.  The  precipitate,  at 
first  falling,  consists  of  citrate  with  caffeo-tannate  of  lead ;  but 
later  on,  the  latter  occurs  alone,  and  can  be  washed  with  water 
and  decomposed  by  SH2  in  the  usual  way.  Caffeo-tannic  acid 
thus  obtained  is  a  brittle,  yellowish  mass,  easily  powdered,  and  of 
feeble  acid  reaction.  It  is  supposed  to  exist  in  the  plant  in  com- 
bination with  potash  and  theine.  It  is  scarcely  soluble  in  ether, 
but  dissolves  easily  in  water  or  in  alcohol.     The  solution  gives  a 

^Nabmnga-und  Genussmittel,  "Rd.  ^L^  41^. 
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dark-green  colour  with  chloride  of  iron,  or  if  dissolved  in  aqueous 
solution  of  ammonia,  the  alkaline  earths,  or  the  alkalies,  a  red- 
dish-yellow or  yellow  colour.  If  caffeo-tannic  acid  be  decomposed 
with  3  parts  of  solid  potash,  the  end  product  is  protocatechuio 
acid.  If  it  be  boiled  with  5  parts  of  potash-lye  (1-25  specific 
gravity)  for  three-quarters  of  an  hour,  and  then  neutralised  by 
sulphuric  acid,  caffeic  acid  (CgHgO^)  crystallises  out,  and  can  be 
obtained  in  straw-yellow  prisms  and  plates  by  recrystallisation 
from  hot  water.  It  colours  chloride  of  iron  grass-green,  is 
oxidised  by  nitric  acid  into  oxalic  acid,  and  is  decomposed  by 
potash  into  protocatechuic  and  acetic  acids. 

Coffee  FcU, — The  coflfee  fat  can  be  obtained  from  an  alcoholic 
extract  of  coffee ;  part  separates  on  cooling  the  fluid  to  0",  the 
rest  on  dilution  with  water.  It  is  white,  without  odour,  of  a 
buttery  consistence,  melting  at  37® '5,  and  becomes  rancid  on 
exposure  to  the  air.  According  to  Rochleder  {Wien  Akad,  Ber,, 
xxiv.  40),  it  contains  the  glyceride  of  palmitic  acid  and  of  an 
acid  of  the  composition  C12H24O2. 

C.  O.  Cech  •  exhausted  50  lbs.  with  alcohol  and  ether,  and 
obtained  1,200  grms.  of  a  thick  green  fluid  oil,  and  after  a  time 
fine  crystals  of  theine  separated.  After  six  months  the  oil, 
although  in  closed  flasks,  began  to  be  turbid,  and  gradually  little 
groups  of  crystals  separated  and  sank  to  the  bottom.  After  the 
lapse  of  three  years,  the  flask  was  found  to  be  about  two-thirds 
filled  with  crystals  of  the  more  solid  fats,  but  the  upper  layer 
was  beautifully  green. 

There  are  also  citrates,  and  probably  other  organic  acids  and 
nitrates  in  coffee.  J.  Buig  found  in  raw  dry  coffee  '054  per 
cent,  of  nitrate  of  potash,  in  roast  '041  per  cent 

The  following  tf^ble  gives  the  general  composition  of  various 
commercial  varieties  of  coffee  : — 


ifc«  .• 

• 

Tannic 

i 

St* 

s 

and 

Phoa- 

& 

Fat 

Gafleo- 

a 

Aah. 

Potash. 

phorio 

2X 

S 

tannio 

Add. 

25-3 

0 

Acids. 

0 

0-31 

Finest  Jamaica  Plan- ) 
tation, . 

1-43 

14-76 

22-7 

33*8 

3*8 

1-87 

Finest  Green  Mocha, 

22-6 

0-64 

21-79 

231 

29-9 

41 

213 

0-42 

Ceylon  Plantation,  . 

23-8 

1-53 

14-87 

20-9 

36-0 

4-0 

•  •  • 

0-27 

Washed  Rio,    . 

27-4 

114 

15-95 

20-9 

32-5 

4-6 

•  •• 

0-51 

Costa  Rica, 

20-6 

I  18 

21  12 

21-1 

33-0 

4-9 

•  •  • 

0-46 

Malabar, 

25-8 

0*88 

18-80 

20-7 

31-9 

43 

•  •• 

0*60 

East  Indian,    . 

24-4 

101 

1700 

19-6 

36-4 

•  •  • 

\ 

V" 

\I1 

\ 

*  Jourrt./ur  Prah,  Chemit,  xxii,  ^^^, 
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Some  aualysea  of  Dragondoi-ff  may  be  also  quoted  ; — " 
TABLE   XX VL 


Percsst 

A>b. 

Per  MBt 

Potuh. 
Pot  cent. 

ss: 

I.  Brown  Preuiger,     . 

0-71 

4-80 

0-42 

2.  Moohm.  yeUow,  vwy  fine,        . 

0-64 

4'Ofi 

3.  Menado,  yellow,     . 

4.  „        bine, 

5.  AlexaQdrian  Mocha,       . 

0-84 

419 

0-44 

T.  Karioun,  Ist  quality  (Java),  . 

1-78 

4-39 

0-93 

4'3G 

9.  Surinam.  2nd  qoJity  (Jftvft),  . 

I'M 

4-77 

10.  Ceylon  PUntetion. . 

078 

4-02 

0-88 

4-31 

0'28 

12.  Went  Indian  (Java), 

1-22 

4-21 

032 

13.  Mysore 

14.  Mftlilmr 

0-8S 

4'27 

2-21 

4-01 

0-41 

1&  CoaURica,     .... 

M8 

4 '94 

1'53 

4-00 

0-27 

18.  Waehed  Rio 

114 

4-53 

0-61 

19.  Native  Ceylon. 

114 

4-65 

0-72 

23.  Afncon  Mocha,       . 

0-70 

4'70 

2-80 

0-38 

007 

2-83 

0-42 

M,  NativB  Ceylon,  3rd  quality,    . 

1-69 

4 '87 

2-60 

0-40 

2S.  Santos, 

1-46 

4 '81 

2 '67 

0-48 

§  213.  AnalygU  of  Coffee. — The  hygroscopic  moisture,  theine, 

*  There  is  also  a  very  elaborate  analysis  of  coffee  made  by  Payea,  at  a 
date  when  food  analysis  was  not  so  well  undentood  as  now.  It  la  probkbly 
a  fair  approximation  m  regards  the  more  important  constituenta,  but  the 
percentage  of  ash  can  bardfy  be  correct. 

Cellulose, 34-000 

Water  (Hygros.), 12-000 

Fat, 10  to  13-000 

Glucose,  Dextrine,  ha., 15-000 

l«gumin, 10-000 

Caffeate  of  Potash  and  Caffeine,       .                 .      3'5ta  5 '000 

Nitrogenous  sobstance 3-000 

Free  Caffeine, 0-800 

Concrete  Essential  Oil 0-001 

AroauUti  Fluid  Esaenlwd  0\\ O-0O2 

A»k ^^ 
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goniy  astringent  principles,  and  ash  are  all  determined  precisely 
as  in  the  case  of  tea. 

The  coffee  fat  may  be  conveniently  estimated  by  putting  a 
known  quantity  in  the  fat-extraction  apparatus  figured  at  page 
67 ;  the  best  solvent  to  use  will  be  petroleum  ether,  since  it 
has  less  solvent  action  on  the  theine  than  ether.  When  the 
process  is  finished,  the  petroleum  is  evaporated  to  dryness  in  a 
tared  dish.  As  thus  obtained,  the  fat  is  almost,  but  not  quite, 
pure. 


ADULTERATIONS  OF  COFFEE  AND  THEIR  DETECTION. 

§  214.  The  sophistications  usually  enumerated  are  chicory, 
roasted  wheat  and  beans,  rye  and  potato  fiours,  mangel-wurzel, 
acorns,  lupine  seeds,  ground  date-stones,  and  burnt  sugar.  The 
coffee  is  usually  adulterated  when  in  powder,  but  patents  have 
been  taken  out  for  compressing  ground  coffee  with  chicory  into 
the  shape  of  berries. 

The  sophistication  of  coffee  was  at  one  time  a  regularly- 
organised  industry ;  and  there  existed,  some  years  ago,  two 
manufia^tories  in  France — one  at  Lyons  and  the  other  at  Havre — 
expressly  established  for  the  purpose  of  mixing  coffee  with  burnt 
cereals  and  the  scorched  outer  covering  of  cocoa.  Without 
venturing  to  assert  that  coffee  is  at  the  present  time  adulterated 
in  England  with  chicory  alone,  it  is  certain  that  other  admix- 
tures are  of  the  greatest  rarity. 

A  preliminary  examination  will  in  a  few  minutes  detect,  so 
far  as  chicory  is  concerned,  whether  it  has  been  added  or  not. 
If  the  ground  coffee  be  sprinkled  on  water,  nearly  the  whole  of 
it  floats  ;  if  chicory  be  present,  the  chicory  separates  and  sinks  to 
the  bottom,  imparting  a  brown  colour  to  the  liquid.  In  this  way, 
indeed,  a  tolerably  complete  separation  of  coffee  and  chicory  may 
with  care  be  obtained.  The  portions  which  sink  to  the  bottom 
are,  of  course,  examined  microscopically.  They  are  always  soft 
to  the  touch,  very  different  from  the  hard,  gritty  feeling  of  coffee 
particles  ;  and  put  under  the  microscope,  the  difference  of  struc- 
ture is  at  once  apparent,  for  the  loose,  large  cells  of  the  chicory 
root,  with  dotted  vessels  and  branching  laticiferous  ducts,  are 
readily  seen  and  appreciated.* 

*  Chicory  is  so  readily  detected  that  we  scarcely  require  a  direct  chemi- 
cal test.  A.  Franz  has,  however,  pointed  out  that  an  infusion  of  coffee, 
when  treated  with  copper  acetate  and  filtered,  yields  a  greenish-yellow 
filtrate ;  an  infusion  of  coffee  containing  chicory  yields,  when  similarly 
treated,  a  dark  red-brown  filtrate.— ^rcA.  P/iorm,  ^5^^^-^^^* 

A  method  of  detecting  chicory   has  been  de&cxi\>^  V^  ^.  '^^v&rpdu, 


Cuiiigiositioa  of  the  ruasteJ  root : 

Hygroscopic  Moiitme, 

GoDimy  Matter,  . 

Glacote, 

Matter  like  Burnt  SugET, 

Fatty  Matter,      . 

BrowD  or  Bnmt  Woody  Matter, 

Aah, 

The  ash  of  tbeee  had  the  foUowin, 


Qiloride  of  PotMiinm, 
Salphate  of        „ 
Phosphate  of     „ 

„  Magneaia, 

Carbonate  of    „ 

Alumina  and  Oxide  of  Iron, 

Sand, 


Chicory  influences  the  compoaitioi 

(1.)  It  decreases  the  gum,  the  la 

to  more  than  15  per  cent.,  whilst  in 

less  than  ^m  21  up  to  28  per  cent. 

According  to  the  latter,  the  chicorv  in  r 
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(2.)  It  increases  in  sugar,  roasted  coffee  having  seldom  so 
much  as  2  per  cent,  of  sugar ;  whilst  chicorj,  when  roasted, 
usually  has  at  least  8  or  9  per  cent. 

(3.)  It  decreases  the  fatty  matter,  the  fat  of  chicory  ranging 
from  1  to  over  2  per  cent.,  that  of  coffee  from  about  14  i)er  cent 
up  to  over  20  per  cent. 

(4.)  It  decreases  the  tannin  and  caffeo-tannic  acids,  chicory 
being  destitute  of  tannin. 

(5.)  It  decreases  the  caffeine,  chicory  possessing  no  alkaloid. 

(6. )  It  profoundly  modifies  the  constitution  of  the  ash,  especially 
by  introducing  silica,  which  is  not  a  component  of  coffee  ash. 
The  main  differences  are  thus  as  follows  : — 


Coffee  Ash. 
Per  cent 


Silica  and  Sand,    . 
Carbonic  Acid, 
Sesquioxide  of  Iron, 
Chlorine, 

Phosphoric  Acid,  . 
Total  Soluble  Ash, 


14*92 

0  44  to    0*98 

0-26  to    111 

10:00  to  11-00 

7500  to  85-00 


Chicory  Ash. 
Per  cent, 

10-69  to  35-88 
1-78  to  3  19 
3-13  to  5-32 
3-28  to  4-93 
5-00 to   600 

2100  to  35-00 


^me  ap]>roximate  idea  (although  no  accurate  results)  may 
^e  obtained  of  the  amount  of  chicory  present,  if  a  careful 
•cletermination  of  the  soluble  ash  is  made.  If  we  take  the 
soluble  ash  of  chicory  as  1*74,  and  that  of  coffee  as  3  per  cent., 
then  the  following  table  may  be  used : 

TABLE  XXVII.,— Giving  the  Theoretical  Quantity  of  Soluble 
Ash,  Cokresponding  to  Various  Admixtures  op  Chicorv 
AND  Coffee. 


Percentage  of 

Percentage  of 

Percentage  of 

Percentage  of 
Soluble  Ash. 

Chicory. 

Soluble  Ash. 

Chicory. 

5 

2-94 

50 

2-58 

10 

2-88 

55 

2-56 

15 

2-82 

60 

2-62 

20 

2-79 

65 

2-50 

25 

2-74 

70 

2-48 

30 

2-70 

75 

2-46 

35 

2-67 

80 

2-43 

40 

2-64 

85 

2-41 

45 

2  60 

1           90 

2-40 

By  making  standard  infusions  of  pure  coffee  and  chicory^  and 
iheD  taking  the  same  weight  of  the  suapecleA.  coS^^^  ^\A  ^tfsa\r 


witli  stitliciont  distillt-il  water  to  t 
tht;  Kiimi;  colour.  In  c^ilcuUtin; 
]>ri-sciit,  closfily  acciiruti;  results 
aasumioy  tlie  tinctorijil  power  of  c. 
of  coffee. — (J.  B.  Lee  body,  CAentic 
Messrs.  Oraham,  Stenhouse,  an 
the  density  of  different  infusions  o 
adulteration;  and  this  is  found  I 
well,  and  to  give  approzimatiTe  res 
were  made  by  them  by  first  treatih 
subfltanoe  with  tea  times  its  weigl 
filtering,  and  determining  the  densi 

Spent  Tan, 

lApina  Seed, 

Peu 

Hocha  Coffee,        .... 

Bmu, 

NMlgberrjr  Coffee, 
PlamtaOum  Ceylon  Coffee, 

Java  Coffee, 

JamatM  Coffee,      .... 
Ctwta  Riu  Coffee, 

Native  Ceylon 'Coffee,    . 

BrowD  Malt, 

CaiTOta, 

Bonka. 
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When  the  microscope  has  detected  chicory,  and  it  is  certain 
that  nothing  but  chicory  is  present,  the  most  reliable  guide  is 
the  density  of  the  infusion.  Of  the  strength  given,  if  the 
specific  gravity  of  coffee  infusion  be  taken  as  1000*5  and  that  of 
chicory  as  1022*0,  then  the  following  table,  from  the  author^s 
experiments,  will  be  a  fair  guide  to  the  amount  of  adulteration. 
The  error  usually  lies  within  three  per  cent,  while  with  regard 
to  the  soluble  ash,  the  possible  error  is  much  higher.  It  hence 
follows  that  the  analyst  must  be  very  careful  in  his  statements 
as  to  the  percentage  of  chicory.  The  certificate  should  say 
** about  .  .  .  per  cent,;"  or  supposing  that  from  the  soluble  ash 
sad  from  the  specific  gravity,  as  well  as  from  the  microscopical 
•examination,  a  coffee  seems  to  contain  40  per  cent,  of  chicory,  it 
will  be  safe  to  subtract  5  per  cent,  for  error,  and  give  the 
amount  as  "  o^  least  35  per  cenL" 

TABLE  XXVin.,  GIVING  thb  Approximate  Pxrcbntaob  of  Chicort  ik 

A  DsCOCnON  OF  COFFBB  AND  CbIOORY. 


Spaciflo 
gisTity. 

Peroantfl«e 
of  Chicory 
in  Mixture. 

Speciflo 
gravity. 

Feroantftge 
of  Chicory 
InMiztore. 

Spedflo 
gravltj. 

Peroentftge 
of  Chicory 
in  Mixture 

Spedflo 
gniTitj. 

Peroentege 
of  Chicory 
In  Mixture. 

1009-0 

3  74 

1011-5 

22-27 

1014-0 

40-74 

1016*5 

59-26 

10091 

4-39 

1011-6 

23-02 

1014-1 

41-49 

1016-6 

60-01 

1009*2 

5-14 

1011-7 

23-77 

1014*2 

42-24 

1016*7 

60-76 

1009-3 

5-89 

1011-8 

24-52 

1014-3 

42*99 

1016*8 

61*51 

1009-4 

6-64 

1011-9 

25-27 

1014-4 

43-74 

1016*9 

62*26 

1009-5 

7-39 

1012-0 

25-93 

1014-5 

44-49 

1017-0 

62-97 

1009-6 

814 

10121 

26-68 

1014-6 

45-24 

10171 

63-72 

1009-7 

8-89 

1012-2 

27-43 

1014-7 

45-99 

1017-2 

64*47 

1009-8 

9-64 

1012-3 

2818 

1014-8 

46-74 

1017-3 

65*22 

1009-9 

10-39 

1012-4 

28-93 

1014-9 

47-49 

1017-4 

65-97 

lOlOO 

11-12 

1012-5 

29-68 

10150 

48-15 

1017-5 

66-72 

1010-1 

11-87 

1012-6 

30-43 

1015-1 

48-90 

1017-6 

6747 

10102 

12-62 

1012-7 

31-18 

1015-2 

49*65 

1017-7 

68-22 

1010*3 

13-37 

1012-8 

31-93 

1015-3 

50-40 

1017-8 

68-97 

1010-4 

1412 

1012-9 

32-68 

1015*4 

51-15 

1017-9 

69-72 

1010-5 

14-87 

1013-0 

33-34 

1015-5 

51-90 

1018-0 

70-38 

1010-6 

15-62 

1013-1 

3409 

1015-6 

52-65 

10181 

71-12 

1010-7 

16-37 

1013-2 

34-84 

1015-7 

53-40 

1018*2 

71-87 

1010-8 

1712 

1013-3 

35-59 

1015-8 

54*15 

1018*3 

72-62 

1010-9 

17-87 

1013-4 

36-34 

1015-9 

54*90 

1018*4 

73-37 

1011-0 

18-52 

1013-5 

37  09 

1016-0 

55-65 

1018*5 

7416 

1011-1 

19127 

1013-6 

37-84 

10161 

56-40 

1018-6 

74-90 

1011-2 

20  02 

1013-7 

38-59 

1016-2 

57-15 

10187 

75*65 

1011-3 

20-77 

1013-8 

39-34 

1016-3 

57^ 

1018-8 

76*40 

1011-4 

21-52 

1013-9 

40-09 

1016-4 

58*65 

1018*9 

7715 

1 

1 

( 

\ 
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§  215.  W,  L.  Hiepe,  taking  into  consideration  the  fact  that 
pare  coffee  has  -03  per  cent,  of  chlorine,  while  chicory  has  -SS 
per  cent,  of  chlorine,  has  proposed  to  culculflte  the  percentage  of 
inixtiirea  on  this  data.  If  this  method  should  be  accepted,  it  will 
necessitate  a  most  careful  incineration  ;  for  in  the  majority  of 
ordinary  cases  involving  aah-taktng,  two-thirds  of  the  chlorine  is 
volatilised. 

Pninier,  again,  has  attempted  to  determine  the  coffee  directly 
by  weight :  2  ^ms.  of  the  misture  of  coffee  and  chicory  are 
weighed  out,  and  the  liner  powder  is  separated  by  Rifling 
through  fine  silk.  This  is  composed  entirely  of  coffee,  as  may 
be  proved  by  microscopic  examination.  That  which  remains  on 
the  silk  sieve  is  moistened  with  water  in  a  teat  glass ;  after 
some  hours  it  is  thrown  upon  a  piece  of  stretched  cloth,  and 
cruahed  with  the  fingers.  The  grains  of  coffee  resist  the  pres- 
sure, whilst  those  of  chicory  penetrate  under  these  circumstancea 
into  the  cloth,  and  ndhere  to  it  The  cloth  is  dried,  and  it  is 
then  easy  to  detach  the  coffee,  which  is  added  to  the  fine 
powder  from  the  first  operation,  and  weighed  after  complete 
diytngj  the  chicory  is  calculated  from  the  loss. 

H.  Hager's  recent  investigations  into  coffee  adulteration  may 
be  detailed  as  follows:— To  examine  the  unroasted  coffee  for 
artificial  colouring-matters,  he  treats  the  berries  with  cold  water; 
when,  if  the  berries  are  in  their  natural  state,  the  water  is  scarcely 
coloured.  50  grma  are  next  macerated  with  water,  to  which 
1  per  cent,  of  nitric  acid  has  been  added,  and  then  hydric  sul- 
phide is  passed  through  the  filtrate ;  from  this  solution,  chloro- 
form will  extract  indigo  if  present.  Berlin-blue  and  alkanet  pig- 
ment may  be  dissolved  out  from  the  berries  by  carbonate  of  potash 
solution,  and  then  precipitated  by  hydrochloric  acid.  He  finds 
also  thai  when  thrown  into  water,  imitation  or  artificial  berries 
will  sink  to  the  bottom,  while  good  berries  swim.  On  treating 
3  grms.  of  powdered  coffee  with  20  grms.  of  cold  water,  and 
filtering,  after  the  lapse  of  half  an  hour  the  filtrate  should  be 
feebly  yellow,  and  not  taste  in  the  least  degree  bitter ;  in 
presence  of  lupin-seeds  the  taste  is  markedly  bitter. 

With  regard  to  the  "  swimming  test,"  he  recommends  a 
saturated  solution  of  rock  salt.  2  grms.  of  the  coffee  are  placed 
in  a  narrow  test  cylinder  with  15  to  20  cc.  of  the  cold  saline  solu- 
tion; the  coffee  is  shaken  up  with  this,  and  then  allowed  to 
stand  for  an  hour ;  after  this  time  the  coffee  swims  to  the  sur- 
face, and  the  water  remains  uncolourcd.  Lupin-seeds  generally 
colour  the  salt  solution  yellow,  and  give  a  strong  deposit. 
He  Sltrate  iirom  pure  coSee  ^wea  ■&(!  ■^vecimtate  with  picric 
t-ftnnin,  iodine,  or  alta^e  co^^t-    'Swxwi  •JriiwrA.^  «.t^«a 
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a  green  oolour  with  false  coffee ;  with  starches  iodine  strikes  a 
blue  oolour;  with  astringent  matters,  ferric  chloride  a  black 
colour;  if  sugar  from  chicory,  dates,  4&c.,  is  present,  alkaline 
copper  solution  is  reduced. 

Lupin-seeds  give,  when  extracted  by  weak  sulphuric  acid 
water,  only  a  slight  turbidity  with  mercury  potassio  iodide. 
Coffee,  on  the  contrary,  under  the  same  circumstances,  gives  a 
strong  turbidity ;  but  if  this  is  doubtful,  the  theine  can  be 
extracted  from  the  solution  by  shaking  it  with  chloroform  or 
benzole,  which  dissolves  the  theine,  but  leaves  the  lupin. 

Hager  has  also  a  different  method  of  taking  the  *'  extract :" 
10  grms.  of  coffee,  1  grm.  of  oxalic  acid,  and  80  cc.  of  water  are 
mixed  by  shaking,  and  digested  at  100*"  for  3  hours,  filtered,  and 
washed  with  water  until  the  filtrate  is  no  longer  coloured.  The 
filtrate  is  evaporated  to  dryness.  Pure  coffee  at  the  most  yields  in 
this  manner  2*5  to  3  grms.  of  extract  (including  the  oxalic  acid), 
while  chicory  gives  5  to  7  grms.,  and  other  substances  similarly 
much  increase  the  extract.  His  reason  for  using  oxalic  acid  is 
because  of  its  changing  starch  into  dextrine,  and  quickening  the 
filtration. 

§  216.  The  seeds  of  Cassia  occidentcUis  *  are  now  being,  to 
some  extent,  used  as  an  adulterant,  and  as  a  substitute  for  coffee. 
In  Germany  the  ground  and  roasted  seeds  have  been  sold  under 
the  name  of  "  Mogdad ''  coffee,  and  it  is  said  that  neither  by  the 
taste  nor  by  the  general  appearance  can  the  addition  of  cassia 
seeds  be  detected,  if  such  addition  does  not  exceed  one-fifth  of 
the  weight  of  the  coffee.  The  seeds  are  small,  flattened,  oval, 
smooth,  marked  on  each  side  of  the  two  flattened  surfaces  with 
a  slight  circular  groove  or  depression  ;  when  magnified  the  sur- 
face of  the  seed  is  somewhat  tuberculated. 

The  integuments  are  wonderfully  hard  and  leathery,  and  in 
the  fresh  state  most  difficult  to  grind  or  cut ;  they  are,  indeed, 
about  the  consistence  of  the  leathery  seeds  of  Ntix  vomica.  The 
microscopical  structure  is  very  distinctive ;  the  covering  of  the 
seed  has  first  a  layer  of  hard  tissue,  with  fine  strisB-like,  per- 
pendicular tubes  radiating  from  the  centre  towards  the  circum- 
ference. These  have  a  marked  resemblance  to  the  dentine  of 
teeth,  and  may  be  appropriately  called  the  dentine-like  layer. 
There  is  a  dark  layer  beneath  the  dentine  layer,  and  this 
passes  into  some  thick- walled  four-  to  five-sided  oblong  cells, 
filled  with  an  orange-red  colouring-matter.  Within  the  coloured 
cells  are  oval,  round,  or  angular  cells  (according  to  the  pressure). 


♦  HoUer :  J.  Dingl  Pol  Joum.,  237,  p.  ^\  \  l*^,  ^.  \^. 
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fitted  with  granular  matter,  and  making  np  moat  of  the  aub- 
stauce  of  the  aeed  (aee  fig.  40). 


Fig.  40:— Section  of  Seed  of  CaiMa  oeddtaltOu,  x  17a 
The  composition  of  Mogdad  coffee  is  as  follows  : — 

CeUoloM, 21-21 

Fst^dl, 2-65 

Plant  nmciu, 36-60 

Actringant  subituice,  gaUa-taniiic  acid,     .        .  0*23 

Inorganic  ulta, 4-33* 

NitrogenonB  ocganic  matter*  and  Iom,         .        .  15'13 
NitrageQ-&ee  organic  matter,  3 '86 

Water, ■      11-09 

j  217.  i>af«  Coffee. — Becently  there  has  been  eBtablished  & 
company  for  the  manafacture  of  what  is  termed  "  Date  coffee," 
a  preparation  made  from  torrified  dates,  and  mixed  with  coffee, 
in  the  proportion  of  one-fourth  coffee  and  three-fourths  dates. 
A  sample  recently  examined  presented  the  appearance  of  a  dark- 
brown,  rather  sticky  powder,  having  a  sweetish  smell,  but  no 
ooffee  odour.  On  being  thrown  into  water  the  water  was  imme- 
diately coloured,  and  the  powder  sank  to  the  bottom,  Tbo 
specific  gravity  of  the  infusion  was  nearly  that  of  pure  chicory, 
viz.,  1019-6.  The  microscope  showed  some  fragments  of  coffee, 
fls  well  as  large  loose  cells  and  structures,  quite  different  from 

*  The  Koda  of  Ca«ma  oecUUiadlit  ^ie\^-9sc  •ss&.'fi.ubiL. 
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those  of  coffee,  and  there  was  scarcely  a  trace  of  theine.     The 
general  analysis  gave  : — 

Per  cent 

Water, 6-26 

Sugar, 15'29 

Extract, 46*50 

T<*-«*.    IwubUl'-Sr!     •        •        .        •       2-85 

The  ash  contained  '262  Tfi^  and  *13  silica ;  *628  per  cent,  of  an 
oily  and  resinous  matter  was  also  separated.  The  large  amount 
of  sugar  would  alone  be  sufficient  to  distinguish  it  from  coffee,  and 
there  will  not  be  the  slightest  difficulty  in  the  identification  of 
the  substance  should  it  be  ever  used  in  such  a  manner  as  to  come 
xinder  the  Sale  of  Food  and  Drugs  Act. 

In  r^ard  to  other  adulterations,  a  great  variety  of  starch- 
holding  substances,  with  the  cereals,  may  be  entirely  ezduded, 
as  certainly  not  present,  if  no  dirty-blue  or  violet  coloration  is 
produced  by  iodine  in  an  infusion  of  coffee.  In  order  to  apply 
this  test  properly,  the  infusion  should  be  decolourised,  which  is 
most  rapidly  done  by  a  solution  of  permanganate  of  potash. 
Coffee  itself,  as  before  stated,  contains  no  starch. 

Burnt  sugar,  or  caramel,  is  usually  detected  by  observing  the 
rapid  darkening  of  water  on  which  a  little  coffee  is  sprinkled,  and 
the  particles  (on  examination  in  water  by  the  microscope)  reveal 
themselves  by  the  absence  of  organised  structure,  and  the  coloured 
ring,  arising  from  partial  solution,  round  each. 
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COCOA  AND 

§.  218.  The  cocoa  of  commerce 
of  the  Theobroma  oaeao,  a  tree 
ByUneriactOB,  whole  forests  of  w 
also  more  or  less  extensively  gn 
Peru,  Caraocas,  Veneiuela,  Ecuad 
quil,  Surinam,  and  some  of  the 
cultivation  has  also  been  attempt 
in  the  East  Indies,  Australia,  the 
tius,  Madagascar,  and  Bourbon. 

The  principal  kinds  of  cocoa  i 
the  namea  of  Caracc&s,  Surinam, 
Dominica,  Guayaquil,  Venezuela, 
The  seeds  are  officinal  in  the  Fr 
oopoeias.  They  are  ovate,  flatten< 
long,  and  1  to  li  cm.  [-39  to  -58  ii 
thin  red  or  grey-brown  friable  si 
seed  is  oily,  bitter,  and  rather  unp 

The  seeds,  on  being  submitted  t 
nically  called  the  noeaUng  procesf 
disagreeable  flavour,  and  develon  m 
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about  0*52  mm.  [*00021  inch],  and  are  often  seen  to  have  a  some- 
-what  obscure  starred  hilum.  They  strike  a  pronounced  blue 
colour  with  iodine. 

The  husk  contains  from  without  inwards  the  following  struc- 
tures : — 

(1.)  A  superficial  layer  of  large,  very  characteristic  tubular 
fibres,  oontaming  granular  matter  and  little  corpuscles. 

(2.)  A  single  layer  of  elongated  cells,  with  their  greatest 
diameter  transA'^ersely  to  the  axis. 

(3.)  Large  angular  cells  in  several  layers  ;  those  in  the  centre 
mucilaginous,  constituting  the  greatest  bulk  of  the  envelope. 

(4.)  A  very  delicate  membrane,  formed  of  small  cells,  enclos- 
ing fatty  matters.  This  membrane  adheres  to  the  almond,  and 
portions  of  it  may  always  be  seen  in  the  chocolates  of  commerce* 

Another  hyaline  and  fibrous  structure  connected  with  the  last, 
and  full  of  crystals,  is  usually  described,  as  well  as  isolated,  dark, 
elongated  bodies.  The  whole  structure,  therefore,  is  complex  in 
a  high  degree,  but  familiarity  with  the  appearance  presented  by 
the  different  portions  of  the  seeds  is  readily  obtained. 

§  220.  The  commercial  varieties  of  cocoa  are  very  numerous  : — 
Cocoa  niba  are  simply  the  bruised,  roasted  seeds  deprived  of  their 
coverings  ;  and  Jlake  cocoa  is  composed  of  the  nibs  ground  in  a 
particular  form  of  mill.  The  soluble  cocoas  are — ground  cocoa, 
diluted  with  sugar  and  starches — e.g., 

Epp8*8  cocooj  according  to  an  analysis  advanced  as  evidence 
in  the  case  of  Gibson  v.  Lea/er,  is  composed  of  cocoa  40  per  cent., 
sugar  44  per  cent.,  and  starch  16  per  cent. 

Granulated  cocoa  is  mostly  a  mixture  of  nibs,  arrow-root,  and 
sugar ;  Homoeopathic  cocoa,  a  preparation  of  the  same  kind  with- 
out the  sugar  ;  Maravilla  cocoa  contains  sugar  and  much  sago 
flour;  and  cocoa  essence,  cocoaiine^  <&c.,  consist  of  pure  cocoa 
deprived  of  60  to  70  per  cent,  of  its  fat. 

The  above  are  examples  only.  The  analyst  is  liable  to  meet 
any  day  with  some  new  patent  cocoa,  for  the  consumption  of  this 
food  is  greatly  on  the  increase.* 

§  221.  Chocolate, — In  the  manufacture  of  chocolate  the  cocoa- 
nibs  are  ground  in  a  mill,  the  rollers  of  which  are  usually  heated 
by  steam,  so  as  to  soften  the  cocoa-butter ;  and  in  this  way  a  paste 
is  formed  which  is  mixed  with  refined  sugar,  and  very  often  other 
substances,  and  pressed  into  moulds.  Some  of  the  receipts  for 
chocolate  are  as  follows  : — 

*  That  the  consumption  of  cocoa  is  increasing  is  evidenced  by  the  quantity 
imported— in  round  numbers,  10,000,000  lbs.  in  1876,  against  9,000^000  Iba. 
in  1875. 


cJovt's  and  musk  in  siiuill  ijuaiititics. 

Tlie  cliocolutu.s  of  Kiiglisli  .■oiimi 
buttiT,  siiico  tliey  are  mostly  iirepar 
ex]>rossiou  of  tlits  oil. 

§  222.  The  average  chemical  corn) 
to  some  EugllBh  analyses,  is  as  foUon 

Cocoa  batter, 

Theobromin, 

Starcb, 

Albmneii,  fibrine,  and  gluten. 

Colouring-matter,   .... 

Water, 

Ath, 

O^nloM,'       '.'.'.'.'. 


The  pecaliar  constitnents  of  cocoa 
butter  and  tbeobromin. 

Coeoa-bfitl«r,  Oleum  theobronux,  sped 
meltitiff  point,  29°  to  30° ;  solidifyii 
ish-white,  concrete  oil  about  the  cod 
chocolate  colour  and  an  agreeable  tast« 
it  is  brittle,  the  fracture  ia  smooth  an 
■  lens  it  u  somewhat  crystalline.  It 
temoeratures  in  two  ofirtK  nf  (.H.-^  i^ 


I  233.]  COCOA  AND  CHOCOLATE.  361 

foreign  &t8  impairs  this  property.  Coooa-butter  is  usoallj  said 
to  Gonsist  of  cocoa  stearin,  which  separates  in  warty  masses  on 
evaporating  an  ethereal  solution,  and  has  a  meltiog  point  of 
66**  with  a  little  olein.  Kingzett  has,  however,  recently 
described  two  new  fatty  acids  obtained  from  cocoa  fat,  one  of 
which  has  the  empiric  formula  C^jHiggOj,  and  the  subject  ap- 
pears to  require  further  research.  The  best  method  of  extracting 
the  &t  is  to  exhaust  the  nibs  with  ether  in  the  apparatus  figured 
at  page  67. 

Cocoa  should  contain  at  least  20  per  cent,  of  cocoa  fat ;  if  lesa 
than  that  is  found,  it  should  be  returned  as  adulterated.* 

§  223.  Theobromine  CyHgN^Oy— This  alkaloid  was  discovered  ul 
1841  by  Woskresensky,  in  the  seeds  of  the  The^broma  cocao;  it 
principally  resides  in  the  cotyledons,  and  in  smaller  quantities 
in  the  seed-coverings.  The  average  yield  of  theobromin  appears- 
to  be  Ij^  per  cent. 

The  original  method  of  separation  pursued  by  Woskresensky 
was — extraction  on  the  water-bath  with  distilled  water,  filtering 
through  linen,  precipitating  with  sugar  of  lead,  refiltering,  freeing 
the  filtrate  from  excess  of  lead  by  SHg,  evaporating  to  dryness, 
and  subsequent  purifying  of  the  residue  by  solution  in  spirit, 
and  treatment  with  animal  charcoal.  Mitscherlich,  again,  boils 
the  cocoa  with  a  weak  solution  of  sulphuric  acid  in  order  to- 
change  the  starch  into  sugar,  saturates  the  fluid  with  carbonate 
of  lead,  and  ferments  it  with  yeast  to  destroy  the  sugar.  On 
the  conclusion  of  the  fermentation,  the  fluid  is  boiled,  neutralised 
with  soda,  filtered,  concentrated  by  evaporation,  and  the  impure 
brown  theobromin  which  separates  boiled  in  hot  nitric  acid. 
This  nitric  acid  solution  is  precipitated  by  ammonia,  again 
dissolved  in  nitric  acid,  and  the  nitrate  obtained  by  evaporatioiL. 
According  to  Mitscherlich,  the  quantity  obtained  in  this  way  is- 
much  greater  than  by  other  processes. 

A  speedy  method  of  determining,  with  very  fair  exactitude^ 
the  percentage  of  theobromin  in  cocoa,  is  to  exhaust  a  weighed 
quantity  with  petroleum  ether,  mix  the  residue  with  a  little 
burnt  magnesia  and  water,  evaporate  to  dryness  at  60*  to  70  , 
and  then  exhaust  the  residue  with  boiling  alcohol  of  80  per  cent.^ 
which  dissolves  out  the  theobromin.  On  driving  off*  the  alcohol 
by  evaporation,  the  substance  may  be  purified  suflBciently  for 
weighing  purposes  by  washing  with  petroleum  ether. 

G.  Wolfram  has  recommended  the  following  process  for  the 
extraction    of   theobromin : — 10  grms.   of   the    substance    are 

*  20  per  cent,  is  the  standard  of  the  Society  oC  An«I^%^  \  Vs<q^»  \Dk  VS&.^ 
wntei^B  opinion  thia  ia  mnch  too  low,  acooTding  V>  "^xAiVu^^^  v^l^M^ 


posed   liy  hot   baryta   water  ;    tl 
filtered   off,  anil   tlie   filtrate   fre. 
pliuric  acid  in   very  sliglit  excess 
adding  a  little  barium  carbonate, 
filtration,  and  evaporating  the  fir 
and  then  igniting,  and  ^un  « 
the  alkaloid.     The  ignition  ia  n( 
little  baryta  whioh  has  not  bee 
operations.     In  six  analyses  of  va; 
SB  a  maximum,  1'66  per  cent.;  a 
and  aa  a  moan,  1'66  per  cent  of  tl 
beanB  divested  of  their  coTerings 
BIX  cocoas  contained  maximum  1*1 
cent,  tbeobromin. 

Theobromiu  forms  microscopic  rl 
thought  to  sublime  between  291 
position,  but  this  tempentture  is  i 
-writer  finds  that  a  minute  fragm 
«ell  elsewhere  described,  begins 
and  OD  examining  the  mists  by  a  1 
into  extremely  minute  dota;  diati 
temperatures  of  170*  and  above, 
petroleum  ether,  and  not  very  solul 
600  parts  of  boiling  and  1,700  part 
in  alcohol,  1  part  requiring  47  part 
alcohol.     Its  solubility  in  water  !» 
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time  there  separate  silver- white  needles,  very  insoluble  in  water, 
of  the  composition  CyHgN^OjjNHOj  +  AgNOj. 

The  other  precipitants  of  theobromin  are — phospho-molybdic 
acid  (yellow)  and  chloride  of  gold  (long  needles).  Tannic  and 
picric  acids  only  produce  turbidity,  while  potass,  mercuric  iodide 
and  potass,  cadmium  iodide  do  not  precipitate.  A  characteristic 
reaction  of  theobromin  is  that  produced  by  peroxide  of  lead 
and  sulphuric  acid.  If  peroxide  of  lead  and  diluted  sulphuric 
acid  are  heated  with  theobromin,  avoiding  an  excess  of  the 
oxidising  agent,  CO2  is  developed,  and  the  colourless  filtrate  of 
sulphate  of  lead  gives  off  ammonia  with  potash,  separates  sulphur 
on  treatment  with  SH2,  stains  the  skin  purple-red,  and  colours 
magnesia  indigo-blue. 

Theobromin  is  poisonous  to  kittens  (and  other  animals  of  simi- 
lar size)  in  such  large  doses  as  a  gramme.  It  appears  to  be 
separated  by  the  kidneys,  and  could  probably  be  discovered  in 
the  urine  of  any  person  taking  large  quantities  of  cocoa.  The 
method  of  research  successfully  used  by  Mitscherlich  is  as 
follows : — The  urine  is  acidified  with  HCl,  filtered,  and  to  the 
filtrate,  acidified  with  nitric  acid,  a  solution  of  phospho-molybdate 
of  soda  is  added.  The  precipitate  is  collected,  and  treated  with 
baryta  water  until  it  is  strongly  alkaline,  warmed,  filtered,  and 
the  filtrate  evaporated ;  the  residue  extracted  with  alcohol,  re- 
filtered,  and  the  filtrate  again  evaporated.  This  last  residue  is 
dissolved  in  a  drop  of  hydrochloric  acid,  and  precipitated  by 
ammonia.  The  alkaloid  may  now  be  collected  and,  if  necessary, 
purified. 

§  224.  The  Ash. — The  composition  of  the  ash  of  cocoa  seeds  is 
stated  by  Mr.  Wanklyn  to  be  as  follows  : — 


Composition  of  Ash  of  Cocoa-Seeds. 

Percent. 

Potash, 29-81 

Chloride  of  Sodium 6*10 

Ferroas  Oxide, 1*60 

Alumina, 2*40 

Lime, 7*72 

Magnesia, 7*90 

Phosphoric  Acid, 24*28 

Sulphuric  Acid 1*92 

Caroonic  Acid, 0*98 

Silica, 6-00 

Sand, 1215 

The  percentages  of  ash  found  in  cocoa  axe  ^ncul  w^  W^$s^^\ — 


Thus  tlie  lowest  determinatlor 
cent.  The  nibs  show  a  lower  ash 
the  Coraccas  give  S'SS  per  cent,  t 
1*95  insoluble  in  water.  The  nib 
per  cent  of  ash,  '89  parts  hsing 
water.  The  ash  of  the  shell  is  ncl 
ot,  carbonates.  Mr.  Heiach  has 
ooooaa  of  commerce,  with  the  resol 
tables:— 


1 

i 

1 

i 

Caiaccu,. 

13B 

M4 

l-7« 

11 1* 

an 

«■* 

1-76 

11  14 

V.'H 

Snrinua,  . 

Ift-ft 

MA 

iru 

•f-H 

Quj'ftqnil, 

11 'B 

49'H 

a-oe 

13  ai 

•}.-h 
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There  are  also  some  analyses  hj  Konig  as  follows : — 

TABLE  XXX. 
I.  COCOA  BEANS  DEPRIVED  OP  THE  SHELL. 


Nitro- 

Other 

Water. 

genous 
Snb- 

Pat. 

Starch. 

Nitro- 
gen free 
Matters. 

CeUn- 
loeei 

Ash. 

■tances. 

1.  Caraocas  L,   . 

4-04 

14-68 

46-18 

12-74 

(18-50) 

••  • 

3-86 

A                 ff             *-'-'9  •               • 

4-72 

14  06 

49-36 

13-99 

9-46 

4-20 

4-21 

3.  Gnayaqnil  L, 

3-63 

14-68 

49-64 

11-56 

12-64 

4*13 

3-72 

4.         „         IL,       . 

2-61 

16-25 

46-99 

10-82 

16-12 

3-53 

3-68 

6.  TrinidAd  L,   . 

2-81 

15-06 

48-32 

14-91 

12-06 

3-62 

3-22 

ft.        „        IL, . 

2-28 

16-12 

52-14 

14-38 

8*82 

3-87 

3-39 

7.  Puerto  Cabello,      . 

2-96 

16  03 

50-67 

12-94 

11-49 

3-07 

3*94 

8.  Socosniuco,    . 

2-96 

1319 

48-38 

16-13 

13-20 

3-34 

3-21 

Mean,    . 

3-25 

14-76 

49-00 

13-31 

12-35 

3-68 

3*65 

II.  COCOA  HUSKS. 


Nitro- 

Nitrogen 

Amonnt 
of  Shea 

Water. 

genoas 
Sab- 
stances. 

Fat 

Free 
Con- 
stituent. 

Cellu- 
lose. 

Ash. 

Band. 

1.  Caraccas  I.,  . 

15.03 

7*41 

13-93 

4-94 

41-78 

12-91 

7*41 

12*62 

2.         „      IL,. 

20-09 

7-74 

11-68 

6-99 

35-29 

12-79 

8-32 

18*19 

3.  GoayaqmL   . 

•  e  • 

8-93 

13-44 

8-12 

48  01 

13-87 

6-81 

0*82 

4. 

•  •• 

9-11 

12-94 

10-76 

47-08 

13-12 

6*79 

0*21 

5.  Trinidad, 

15-35 

9-04 

14-94 

6-18 

44-80 

16-36 

6-39 

2*29 

8.         „             . 

14-04 

8-30 

15-44 

4-23 

46  05 

18-00 

7-06 

0-92 

7.  Puerto  CabeUo, 

14-92 

6-40 

13-76 

4-38 

4712 

14-83 

6*06 

7*46 

8.  Socosnusco,  . 

18-58 

6-48 

19*12 

6-48 

39-39 

16-67 

8-15 

4-71 

Mean,  . 

16-33 

7-83 

14-29 

6-38 

43-79 

14*69 

712 

6-90 

§  225.  Mr.  Wigner  has  examined  the  nitrogenous  constituents 
of  cocoa,  in  the  same  way  as  the  nitrogenous  constituents  of 
flour,  and  has  shown  that,  even  in  the  very  best  samples,  21*5 
per  cent,  of  the  nitrogenous  matter  present  is  in  a  non-coagulable 
form.  Cocoa,  therefore,  ranks  lower  in  the  scale  of  foods  than 
has  hitherto  been  taught.  His  experiments  were  made  upon  84 
commercial  samples  of  cocoa,  containing  an  admixture  of  starch 
or  flour,  and  on  four  samples  of  roasted  beans;  the  results  wei*e 
AS  follows: — 


iSooniiM, 


1-201 
2-040    1 
2-000   1 


§  226.  AdiUtertUimt  tff  Cocoa.— The '. 
given  is  as  follows : — Sugar,  starches, 
and  peroxide  of  iron.  Some  of  these  i 
fltarcues,  mav  be  detected  hj  a  prelimi 
nation,  whidi  in  no  instance  should  be 
chemical  examination  consists  in  th( 
beftste  described  (p.  361),  the  estima 
ash  in  the  ordinary  -way,  its  division  I 
and  its  content  of  phosphoric  acid.  ] 
the  &t  and  the  chief  constituents  of  tb< 
use  of  the  microscope,  all  known  sdull 
The  amount  of  phosphoric  acid  in  the  •■ 
be  taken  as  a  basis  of  calculation  of  i 
in  the  absence  of  foreign  seeds,  or  o 
substance,  the  calculation  will  be  a  i 
truth.     Tha  ash  itself  and  the  amount 
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•6  X  100 


=  66-6 


That  is,  the  mixture  contains  about  66*6  per  cent,  of  cocoa.  The 
amount  of  starch  in  cocoa  may  be  determined  in  the  ordinary 
way,  as  described  at  p.  137,  but  the  process  is  somewhat  tedious, 
and  may  be  dispensed  with,  since  the  extract  in  cold  water  is 
always  a  guide  to  the  adulteration  by  starchy  substances.  Cocoa 
nibs  treated  in  this  way  give  to  water  about  6*76  per  cent,  of 
organic  matter  and  2*16  of  ash.  The  determination  of  theobro- 
min  may  possibly  be  of  use,  but  no  sufficiently  accurate  and 
speedy  process  for  technical  purposes  is  as  yet  known. 

§  227.  AdtUtercUions  of  Chocolate. — Oil  of  almonds,  cocoa-oil| 
beef  and  mutton  fat,  starches,  cinnabar,  chalk,  and  various 
other  substances  are  usually  enumerated ;  a  few  of  these  are, 
however,  apocryphal. 

The  analysis  of  chocolate  is  conducted  on  exactly  the  same 
principles  as  that  of  soluble  cocoa.  If  it  is  desired  to  separate 
the  different  constituents,  the  method  recommended  by  A.  Forrier 
may  be  used : — Extract  the  fat  with  ether,  and  the  sugar  with 
alcohol  of  20°,  and  dissolve  the  starch  out  by  boOing  water.  The 
liquid  holding  the  starch  is  then  decolourised  by  animal  charcoal, 
and  the  starch  precipitated  by  alcohol  of  50  per  cent.,  dried,  and 
weighed.  But  as  regards  adulteration,  the  procedure  recom- 
mended in  the  case  of  cocoa  will  be  found  quite  efficient,  and  less 
cumbersome  and  tedious. 
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PART  VI.-ALCOHOL,  SPIRITS,  LIQUEUR& 


ALCOHOL. 

§  228.  The  term  alcohol,  in  its  strict  chemical  sensei  applies 
only  to  the  neutral  compounds  of  oxygen,  carbon,  and  hydrogen, 
which,  by  the  action  of  acids,  form  ethers.  The  principal  alcohols 
are  enumerated  in  the  following  table  : — 

TABLE  XXXH,  EXHIBITING  THE  PROPERTIES  OP  THE 

PRINCIPAL  ALCOHOLS. 


Sp«ciflo  GrftTirr, 

Vapour. 

BeL  Wt. 

H=L 

Boiliiig  Point 

Alcohols. 

Formula. 

Liquid. 

Vapour. 

FlJir. 

GflDt 

1.  Wood     Spirit,    or 
Methylio  Alcohol, 

CH4O 

0-798 

112 

16 

149-9 

65-5 

2.  Spirit  of  Wine,  or  ) 
Ethylic  Alcohol, 

CjHeO 

0-7938 

1-6133 

23 

1730 

78  3 

a  TritiTrlic  or   Pro- 

pylic,  . 
4.  Tetrylic  or  Batylic, 

CsHsO 

0-817 

2-02 

30 

206  0 

96-7 

CsHjoO 

0-8032 

2-589 

37 

233-0 

111-7 

5.  Foa8elOil,orAmy-> 
lie,       .                 A 

CfiHiaO 

0*8184 

3147 

44 

269-6 

132-0 

6.  Hexylic  or  Caproic, 

CeH^O 

0-833 

3-53 

51 

299-309 

138-154 

7.  Heptylic, 

CrHieO 

0*819 

•  •• 

58 

3510 

177-2 

8.  Octyuc  or  CapryUc, 

CgHigO 

0-823 

4-50 

65 

356-0 

180-0 

10.  Laurylic, 

16.  Ethal  or  Cetylic,  . 

CuiH«0 

•  •• 

... 

... 

•.• 

... 

CuH^O 

•  •• 

••• 

... 

..• 

•  a. 

27.  Cerotin  or  Ceiylic, 
50.  Melissiii    or  Mel-  ) 
lisyUc,         .        .  ( 

C»H«eO 

•  •  • 

... 

... 

... 

... 

C»H«0 

•  •• 

... 

•*• 

... 

... 

Of  these  ethylic  alcohol,  wood  spirit,  and  fousel  oil  are  the  three 
of  most  importance  to  the  analyst 

EHiylia  Alcohol,  CjH^O,  specific  gravity,  0-816  at  0^  0-79381  at 
15*5°  ;  boiling  point,  78** -3.     Absolute  alcohol  does  not  dissolve 
common  salt,  nor  does  it  give  a  blue  colour  when  digested  with 
anhydrous  sulphate  of  copper,  if  perfectly  N?«Lt«t-iwifc.     ^SJ^Kt 
paper  saturated  in  the  following  fioVatiou— >^n:L.)  V«o  ^^«sNa^  ^*^ 


muse  DC  vemcDibereil  that,  in  a 
alcohol  "  ia  any  stronger  spirit  than 
distillation ;  and,  since  this  is  the  c 
for  any  actios  to  be  taken  under  th 
Act,"  unless  a  distinctly  iraudulen 
"Absolute  alcohol,"  aa  bought  over 
is  seldom  above  fo)m  93  to  96  per  a 

§  229.  Rtct^fitd  Spirit,  as  defined 
ahould  be  of  specific  gnvity  0-838; 
0*830  to  0-834;  of  Oermanj,  Switn 
of  Aoatria,  0-838;  of  France,  0-& 
neutral,  coloorless,  volatilising  iriti 
other  alcohols. 

Froo/  j^ptrtf, — a  term  in  conatai 
dae, — is  a  diluted  spirit,  which  vrt 
ment  (08  George  III.)  to  be  "such  i 
of  lO'-O  [61°  Fahr.]  weigh  exact 
of  an  equal  measure  of  distilled  wa 
water  it  consists  of — 

Alooliol  by  wdglit, 
Water  t^  WMgIt, 


and  its  speoifio  gravity  at  W-S  is  O'S 

In  the  analysis  of  all  spirits  (seeu 

and  "  under  proof  "  are  used  and  kno 

menta  of  results  should  always  inch 
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TABLE  XXXHL— B3TIMATI0H  OF  ALCOHOL. 


SS?' 


"ijrss^ 


■KTSsr 


•VJ90 
•9JBS 
■»77» 
■9769 

■»7se 

■9749 
•9738 
•9729 
■9719 
■8709 


•9619 
■9609 
■9609 
-0669 
•9679 
-9569 
■9669 


0-00 
0-06 
0-M 

1-U 
1-76 
2'SS 

2-ao 

S-47 
4-00 
4^69 
D-31 
&-9t 
•■«4 
7^38 
8-00 
8-71 
9^43 
10-15 
10-92 
II '69 
12^(6 
13-23 
M-OO 
14-91 
^•75 
16  H 


000 
0-OT 
0^78 
l-« 
2-20 
2-98 
S-62 
4-34 
0-06 
S'SS 


9-13 
9-96 
10-82 
11-70 


0-00 
0-12 
1-28 
S-4S 
3-SS 
6-18 
«^84 
7-fll 
B-90 
10-26 
11-62 
12-97 
U-60 
16-99 
17-43 
18-96 


21-29 
22-27 
23-19 
24-18 
26-17 
26-13 
2704 
27-95 


v'Si' 

ws- 

31-69 

38-11 

32-31 

33-63 

40-20 

S4-10 

40-84 

34-67 

41-97 

SB-06 

4l-» 

36-65 

^■45 

86-06 

43-01 

44-24 

87-72 

44-96 

88-28 

46^ 

38-83 

46-08 

39-35 

46-64 

47-18 

40-36 

40-86 

48-26 

41-35 

48-80 

41-86 

49-34 

42-33 

49-86 

42-81 

50-37 

43-29 

60-87 

43-76 

61-38 

44-23 

61-87 

44-68 

62-34 

45-14 

62-82 

46-69 

53-29 

48-05 

63-77 

46-60 

B4-24 

46-96 

64-71 

47-41 

66-18 

47-86 

65-66 

48-32 

48-77 

66-68 

49-20 

67-02 

66-80 
«S-<H 
09-29 
70-46 
71-ffl 
72-flD 
73-« 
74-39 
76-37 
70-46 
TT-M 
78-61 
79-flB 
80-76 
81-74 


85-63 
86^7 
87-37 
88-26 
89-16 
90-03 
90-80 
91-73 
92-66 
03-89 
M-22 
96-05 
96-88 
96-70 
97-62 
98-34 
99-16 
99-83 


-9196    I    49-24   |    67-06  |100-0OW 


49-68 

57-49 

60-13 

60-57 

5S-41 

61-00 

61-42 

61-83 

69-68 

62-27 

60-12 

I    Wl» 

W-* 

100-76 
101-59 
102-36 
103-12 
103-85 
104-68 
106-36 


■9069 

55-00 

62-84 

110-12 

■9059 

55'45 

63  28 

110-92 

■9(M9 

55-91 

63-73 

111-71 

■9039 

56-36 

04-18 

112-49 

•9029 

K-82 

64-63 

113-26 

•9018 

67  ^26 

66-05 

113-90 

■9009 

67  ■a? 

66-46 

114-69 

•8999 

68-09 

66-86 

116-41 

-8969 

68-66 

66-29 

116-18 

■S97B 

69-00 

66-74 

116-96 

■8969 

S9-4S 

67-16 

117-68 

•8969 

69-87 

67-67 

118-41 

•89U 

60-29 

67-97 

11912 

■8939 

60-71 

68-36 

119-80 

•8929 

6113 

68-76 

12049 

•8919 

61-64 

69-16 

121-18 

■8909 

ai-96 

69-6* 

121  •86 

•8B99 

68-41 

60-96 

m-fli 

•8889 

6286 

70-40 

123-36 

■8879 

63-80 

70-81 

124-00 

■8809 

68-74 

71-22 

124-80 

•8SS9 

6*17 

71-62 

126-61 

•8849 

64-61 

72-02 

126-22 

■8839 

66-04 

72-42 

126-02 

■8829 

66-« 

72-80 

127-59 

•8819 

65  88 

73-19 

128-25 

•8809 

66-30 

73-67 

128-04 

•8799 

6674 

73-97 

120-04 

•8789 

67-17 

74-37 

130  33 

«79 

67-68 

74-74 

130-98 

•8769 

68«0 

76-12 

131-64 

•87B9 

68-42 

76-49 

132-30 
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l^eelflo 
grmiitj. 

AlMDlate 

Aloohol 

bj  weight 

Percent 

• 

Abtolote 

Aloohol 

bTTolome. 

Per  cent 

Proof 

Spirit 

Per  cent 

Speolflo 
gr»Tlty, 

Abeolaie 

Alcohol 

bj  weight 

Per  cent 

Abiolate 

Alcohol 

byToliune. 

Percent 

rrOOt 

Spirit 
Percent 

-8189 
-8179 
•8169 
•8159 
-8149 
•8139 
•8129 
-8119 
-8109 
-8099 
-8089 
-8079 
-8069 
•8059 
•8049 

91-39 
91-75 
92-11 
92-48 
92-85 
93-22 
93-59 
93-96 
94-31 
94-66 
95*00 
95-36 
95-71 
96-07 
96*40 

94-28 
94-53 
94-79 
95-06 
95-32 
95-58 
95-84 
96-11 
96-34 

96-57 
96-80 
97*05 
97-29 
97-53 
97-75 

165-23 
165  67 
166-12 
166-58 
167-04 
167-50 
167-96 
168-24 
168-84 
169-24 
169-65 
170-07 
170-50 
170-99 
171-30 

-8039 
-8029 
-8019 
-8009 
•7999 
•7989 
•7979 
•7969 
-7959 
-7949 
-7939 

96-73 
97*07 
97*40 
97-73 
98-06 
98-37 
98-69 
99-00 
99-32 
99-65 
99-97 

97-96 
98-18 
98-39 
98-61 
98-82 
99-00 
99-18 
99*37 
99*57 
99*77 
99*98 

171*68 
172-05 
172-43 
172-80 
17317 
173-60 
173*84 
17417 
174*52 
174*87 
175*22 

Abtolote  Alcohol 

-7938 

100-00 

100-00 

175*25 
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§230.  Excellent  tables  for  the  use  of  analysts  have  been  pub- 
lished both  by  Mr.  Hehner  and  by  Dr.  Stevenson.  The  table  on 
p.  371  will  be  found,  in  the  absence  of  the  tables  mentioned, 
sufficient  for  ordinary  use;  any  specific  gravity  not  given  can 
be  intercalated  by  the  ordinary  rules  of  arithmetic. 

Another  method,  sometimes  called  Grbning's,  of  arriving  at  the 
strength  of  dilute  spirits,  is  based  on  the  fact  that  the  tempera- 
ture of  the  vapour  is  an  exact  measure  of  the  strength  of  the 
alcohoL  The  bulb  of  a  thermometer  is  put  (on  the  small  scale) 
into  a  flask  with  a  bilateral  tube,  and  the  temperature  of  the  vapour 
carefully  noted.     The  following  table  (XXXTV.)  may  be  used. 

The  boiling-point  is  also  a  useful  guide;  for  within  certain 
limits  the  boiling-point  of  alcoholic  liquids  is  not  materially 
altered  by  admixture  with  saline  and  organic  matter.  A  ther- 
mometer with  a  movable  scale  is  employed.  Before  using  it, 
the  thermometer  is  immersed  in  boiling  distilled  water,  and 
the  100''  [212*  Fahr.l  of  the  scale  accurately  adjusted  to  the 
level  of  the  mercury ;  it  is  then  ready  for  an  operation  of  several 
hours,  or  even  an  entire  day,  if  no  coTAi&et^XAi^  -«v%2nab^s^^Tia^  ^ 
Btmoepheric  pressure  are  experienced. 
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170'0 

93 

92 

1) 

171-8 

92 

90 
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7S 
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70 

2( 

176-0 

87 

66 

a 

178-3 

83 

60 

2D 
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82 

40 

183-0 

80 

35 

1S6-0 

78 

30 

21 
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76 
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Added  and  sulphuric  acid  in  amount  more  than  sufficient  to 
decompose  the  acetate.  The  flask  containing  the  mixture  is 
<x>nnected  with  a  Liebig's  condenser,  placed  vertically,  and  boiled 
for  a  few  minutes;  any  volatile  vapour  is  condensed,  and  fidls 
back  again  into  the  flask.  On  removing  the  cork,  if  acetic  ether 
lias  been  produced,  it  can  readily  be  detected  by  its  odour. 

(2.)  Reduction  of  Chromic  Acid  or  Bichromate  of  Potash  to  Oxide 
lof  Chromium* — A  crystal  of  chromic  acid,  placed  in  a  test-tube, 
with  a  fluid  containing  alcohol  warmed  to  a  boiling  temperature, 
is  decomposed  into  the  green  oxide  of  chromium.  Instead  of 
•chromic  acid,  a  test-solution  of  one  part  of  dichromate  of  potash 
dissolved  in  300  parts  of  sulphuric  acid  may  be  used.  A 
portion  of  the  liquid  to  be  tried  is  mixed  with  twice  its  volume 
of  concentrated  sulphuric  acid.  On  pouring  a  small  quantity 
of  this  mixture  into  a  quantity  of  the  test-solution,  a  deep  green 
is  produced  where  one  fluid  touches  the  other.  This  is  a  very 
good  test  in  the  absence  of  other  reducing  agents,  such  as  formic 
acid,  ether,  ice, 

(3.)  Dr,  Edmund  Damfe  Test, — Dr.  Davy  has  proposed  a  test 
for  alcohol  founded  on  a  colour  reaction,  and  produced  also  by 
methyl,  propyl,  butyl,  and  amyl  alcohols,  ether  and  aldehyde. 
A  solution  of  one  part  of  molybdic  acid  in  ten  of  strong  sulphuric 
«udd,  is  warmed  in  a  porcelain  capsule,  and  the  liquid  to  be 
tested  allowed  to  fall  gently  on  it.  If  alcohol  is  present,  a  blue 
coloration  appears  either  immediately,  or  in  a  few  moments;  the 
liquid  gradually  absorbs  moisture  from  the  air,  and  the  colour 
•disappears,  but  it  may  be  reproduced  by  evaporation.* 

(4.)  The  prodttction  of  Iodoform, — According  to  Lieben,  one 
part  of  alcohol  in  2000  of  water  can  be  detected  by  adding  to 
«ome  of  the  warmed  liquid  a  few  drops  of  a  10  per  cent,  solu* 
tion  of  soda,  and  dropping  in  a  solution  of  potassium  iodide, 
fully  saturated  with  free  iodine,  until  the  liquid  is  yellowish- 
brown;  then  the  alkali  solution  must  be  added  until  the  whole 
is  colourless,  and  the  mixture  allowed  to  stand  for  many  hours, 
when  a  yellowish  crystalline  deposit  of  iodoform  is  obtained. 
Under  the  microscope  the  latter  presents  the  appearance  of 
hexagonal  plates,  six-rayed,  or  other  varieties  of,  stellar  crystals: 
CaHgO  +  4I2  +  6NaH0  =  CHI3  +  NaCHOj  +  6NaI  +  5HjO.  The 
objection  to  this  test  is,  however,  that  other  alcohols,  aldehyde, 
gum,  turpentine,  sugar,  &c,,  give  a  simOar  reaction.f 

*  Proceedings  of  the  Royal  Irish  Academy  [2]  iL  679-582;  Joum.  Chem, 
JSoe.,  7, 1877,  p.  108. 

t  BajewBky  has  found  that  the  brain  of  a  rabbit,  which  had  boea 

starved  for  two  days  before  death,  gave  a  marked  teacS^cni  lot  i^^i^^  ^«ni(^ 

the  iodoform  teat,  and  the  same  result  was  obtaxaedi  tcom  ^^^  xcraMS^Mw  «^ 


uceMC  acul;  hence,  tlic  Llnclcv  pit 
reddened,  tlio  front  one  unchangei 
ftcid  be  iifesent,  it  ia  [lossilile  to  di'ti'< 
The  platinum  black  ia  washed,  the 
^th  potash,  and  dried  after  the  i 
areenioaB  acid.  On  warming  the  ( 
tube,  if  sven  a  very  Hmall  admixton 
the  smell  of  kakodyl  will  be  peroepti 

Ths  Aetion  0/  A  loaAol  on  Bmwoyl  C. 
by  Berthelot,  is  based  on  the  fact  tb 
alcohol  deoompose  benzoyl  chloride  ^ 
bensoate.  The  sample  is  shaken  up  i 
of  benzoyl  chloride  ]  any  ethyl  ben 
bottom  with  the  excess  of  bentoyl  < 
is  removed  by  a  pipette,  and  heated 
potaah,  wbicuL  diBsolves  at  once  the 
the  etbyl  benzoate,  and  the  latter  1 
iusolnbility,  by  its  general  propertiei 
It  is  nearly  insolnble  in  water,  bums 
ehanoteriatio  pleasant  odour,  and  boi] 

Hr.  J.  Hardy  has  proposed  a  r&ry 
tioD  (rfaloobol,  which  may  be  performe< 
"  NeoBleriaing  "  glass  cylinders  are  ta 
resin,  whidi  has  been  removed  fron: 
broken  Inmp,  is  shaken  np  with  the 
liquid  ia  fiHwed,  and  a  few  drops  of  h 
of  very  weak  solution  of  aalnhato  of  <• 
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obtain  alcohol  from  orgaaic  matters  {e,g.,  the  contents  of  the 
stomachy  or  the  tissues),  the  following  process  will  be  fbnnd  con* 
Tenient : — Solid  matters,  such  as  the  tissues,  are  cut  up  as  finely 
as  possible,  and  placed  with  water  in  a  retort  attached  to  a  suit- 
able condenser.  Most  liquids  require  no  previous  preparation^ 
and  are  merely  poured  into  the  retort  or  flask,  as  before  d^ 
scribed ;  but  it  is  desirable  in  the  treatment  of  urine  to  add  a 
little  tannic  acid.  About  one-third  to  one-half  of  the  liquid  i» 
distilled  over  into  a  flask  closed  by  a  mercury  valve.  The  pro- 
duct is  now  made  alkaline  with  caustic  potash  (which  will  fix  any 
volatile  acid,  and  expel  any  volatile  alkali),  and  again  distilled, 
about  one-third  being  drawn  over.  The  liquid  is  next  neutra> 
lised  with  sulphuric  acid,  to  fix  volatile  alkalies,  and  redistilled. 
This  final  distillate  contains  all  the  alcohol,  but  neither  volatile 
acids  nor  alkalies.  The  liquid  thus  obtained  may  even  now  be 
too  dilute  to  respond  conveniently  to  tests,  and  it  may  therefore 
be  digested  for  some  hours  with  a  little  caustic  lime,  and  then 
very  slowly  distilled.  The  distillate  should  finally  be  carefuUr 
measured  or  weighed,  and  divided  into  two  parts,  one  of  which 
serves  for  the  application  of  the  usual  tests,  the  other  (if  alcohol 
be  found)  can  be  oxidised  in  the  manner  described  at  p.  380,  and 
estimated  as  acetic  acid  volumetrically. 

J.  Bechamp  (fiompt  Eend,^  89,  573,  574)  has  recently  sue- 
ceeded  in  obtaining  a  sufficient  quantity  of  alcohol  from  the  fresh 
brain  of  an  ox  to  estimate  by  specific  gravity,  and  has  also 
separated  it  from  putrefying  animal  matter.  In  flEtct,  it  is  cap- 
able  of  proof,  that  all  putrefaction  is  accompanied  by  the  pro- 
duction of  minute  quantities  of  alcohol,  and  that  the  living  cells 
of  the  body  also  produce  it.  Hence,  in  questions  of  poisoning, 
it  is  not  enough  to  obtain  qualitative  reactions  for  alcohol,  bui 
the  quantity  also  must  be  accurately  estimated. 


(2.)  By   Tabarie'a   method,  applied 

(3.i  By  Geissler'a  vnporiiueter. 

{4.)  By  oxidation  into  &cetic  acid,  anc 
which  are,  however,  not  mucb 

(1.)  BiatiUatwn. — A  convenient  qua: 
«r  wine,  50  cc.  of  spints,  measured  at  1 
^a,  £g.  41),  having  a  side  tube  oonnecU 
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into  an  open  vessel  will  always  give  results  &t  too  low.  Beer 
«nd  wine  yield  the  whole  of  their  alcohol  when  half  is  drawn 
over ;  spirits  should  be  distilled  nearly  to  dryness.  In  any  case, 
the  distillate  should  be  made  up  to  exactly  the  same  bulk  as 
the  original  liquid  at  the  same  temperature,  its  specific  gravity 
taken  in  a  proper  specific  gravity  bottle,  and  the  percentage  ci 
alcohol  obtained  by  reference  to  the  tables  given  at  p.  371^ 
Spirits  ai*e  best  returned  as  containing  so  much  proof  spirit,  by 
weight  and  by  volume ;  wines  and  beers,  so  much  alcohol  per 
cent.,  by  weight  and  by  volume. 

(2.)  Tabarie's  method^  when  properly  performed,  is  sufficiently 
accurate  for  all  practical  purposes  in  the  case  of  beers,  wines,  and 
similar  liquids.  The  specific  gravity  is  first  accurately  taken  at 
15** '5  ;  a  measured  quantity — say  100  cc. — is  then  boiled  long 
enough  to  evaporate  away  the  whole  of  the  alcohol,  made  up  to 
the  original  bulk  at  the  same  temperature,  and  its  specific  gravity 
again  determined.  From  these  data  the  specific  gravity  of  the 
liquid,  which,  if  it  had  been  condensed,  would  have  collected  in 
the  fiask  before-mentioned,  is  determined.  Thus,  specific  gravity 
of  the  liquid  before  boiling,  divided  by  the  specific  gravity  of  the 
de-alcoholised  liquid  =  specific  gravity  of 
the  diluted  alcohol  which  has  been  boiled 
away.  An  actual  example  will  suffice  : — 
A  beer,  before  boiling,  had  a  specific  gravity 
of  1*014 ;  after  boiling,  and  on  making  it  up 
to  the  original  bulk,  its  specific  gravity  was 
1-0172  ;  now  y^.^ftV^  =  '9968,  and  on  refer- 
ence to  the  table  at  p.  371,  '9968  is  found  to 
correspond  to  1  '7  per  cent,  of  alcohol. 

(3.)  Geissler^s  Vaporimeter  is  capable  of 
giving  sufficiently  accurate  results  for  tech- 
nical purposes,  and  as  it  has  the  advantage 
of  great  expedition,  it  may  always  be  used 
to  supplement  and  check  other  methods 
which  take  more  time.  It  depends  on 
the  measurement  of  the  tension  or  elastic 
force  of  the  vapour  of  the  liquid,  as  indi- 
cated by  the  height  to  which  it  raises  a 
oolumn  of  mercury.  The  apparatus  (see 
^g.  42)  consists  of  four  parts — viz.,  (1.)  A 
brass  vessel  A,  containing  water;  (2.)  a 
-doubly  bent  tube,  BB,  fastened  to  a  scale ; 
(3.)  a  cylindrical  vessel  C,  which  is  filled 
with  mercury  and  the  fluid  to  be  tested  *, 


Fig.  42. 


{4.J  a  brass  vessel  D,  in  the  upppeT  pait  oi  ^WOcl  >i>awt»  Sa^  ^ 


done  by  a  table,  sold  witli  tlie  iostr 
lation  must  always  bo  takc;ii  tofxi 
author  lias  found  it  always  necessar 
scale  with  known  mixtures  of  alcoh 
a  table  of  corrections.  With  this 
most  useful  isstrument. 

(i.)  Oxidatum  into  Aeetie  Acid  is  i 
of  determining  vinio  alcohol,  and  ia 
qTtantities.  Dr.  Dnpr^  recommend 
A  small  quantity  of  the  distillate,  i 
of  alcohol,  is  put  in  a  small  strong 
10  cc.  of  an  oxidising  solution,  comj 
mate  of  potash  and  220  grms.  of 
1,100  cc.  by  vater.  The  flask  is  wt 
and  firmly  tied  down  by  canvas  and  t 
upright  in  a  water-bath  (the  neck  t 
heated  for  two  hours  between  80*  i 
removed,  and  the  excess  of  bichromi 
phono  add ;  the  solution  is  transfen 
some  sulphnrio  add  and  bits  of  tobs 
from  a  spermaooti-bath  (see  &g.  41). 
to  distil  at  least  thrioe  nearly  to  dry- 
to  the  contents.  The  united  distilli 
result  of  the  oxidation  of  the  aloohc 
determined  by  a  Tolumetrio  solution 
alcohol  to  which  it  is  equivalent 
short  table : — 
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4 
6 
6 
7 
8 
9 
10 


AkwhoL 

80664 

3*8330 

4-6996 

6*3662 

6-1328 

6-8994 

7-6666 


There  are  several  other  methods  of  estimating  alcohol,  but  the 
above  are  the  most  practical  and  efficient;  and  whenever  the 
amount  of  alcohol  is  important  (as,  for  example,  in  the  case  of 
iSpirits)  the  analyst  should  determine  it  in  at  least  two  different 
ways.  The  specific-gravity  methods  presuppose  the  presence  of 
«thylic  alcohol  only ;  but  it  is  sometimes  necessary  to  test  fluids 
also  for  methylic  and  amylic  alcohols.  For  these  the  following 
processes  are  available  : — 

§  234.  Methylic  AlcofioL — 100  cc.  of  the  suspected  spirit  are 
distilled  twice,  having  been  rendered  alkaline  during  the  first 
process  and  acid  during  the  second,  about  two-thirds  being  dis- 
tilled over  each  time.  The  distillate  is  now  shaken  up  with  dry 
potassium  carbonate,  and,  after  standing  over  night,  the  upper 
layer  is  taken  off  by  a  syphon  or  pipette,  and  again  twice  distilled, 
about  15  cc.  being  driven  over.  This  will  contain  any  methylic 
alcohol  present  in  the  original  100  cc.  A  portion  of  the  distillate  is 
now  diluted  with  water  to  a  strength  from  10  to  15  per  cent., 
and  in  this  dOuted  spirit  the  alcohol  determined — (1.)  By  specific 
gravity ;  (2.)  by  Geissler's  vaporimeter ;  and,  (3.)  by  oxidation 
into  acetic  acid.  If  ethylic  alcohol  alone  is  present,  all  three 
methods  fairly  agree.  The  specific  gravity  will  give  the  total 
amount  of  both  alcohols,  the  specific  gravity  of  aqueous  methylic 
and  ethylic  alcohols  being  almost  identical ;  but  since  methylic 
alcohol  has  a  higher  vapour  tension  thstn  ethylic,  Geissler^s 
vaporimeter  wUl  give  a  higher  result.  The  oxidation  process 
will,  on  the  other  band,  give  a  lower  result,  for  methylic  alcohol 
yields  water  and  COo,  so  that  the  acetic  acid  found  is  derived 
wholly  from  the  ethylic  alcohol,  and  the  difference  between  the 
4Strength  thus  found  and  that  derived  from  the  specific  gravity 
^ves  a  rough  indication  of  the  proportion  of  methylic  alcohol 
present  If  the  methylic  alcohol  is  in  sufficient  quantity,  instead 
of  the  usual  slight  vacuum  on  opening  the  flask,  there  is  an 
escape  of  carbonic  anhydride,  and  there  is  no  reason  why  this  gas 
should  not  be  either  absorbed  or  collected  and  estimated. 

Dr.  Dupr^  gives  the  following  example.  A  pure  whisky 
showed — 


Strength  by  specific  gravity, 
„  vaporimeter, 

„  Oxidation,      , 


w 


\\ 


ot   red  i>hoS[)li<iriiK,  aic  put  into  a  a 
30  or  40  cc.  of  watRr.     The  altolioli 
bottom  is  st'liai'atud  by  a  pijjette,  aiii 
ing  5  cc.  of  anilino.     If  the  action  ) 
be  cooled  with  cold  water ;  if  too  si 
necassarj.     At  the  ead  of  an  hour  t 
hot  water  and  boiled,  an  alkaline  s< 
ft&d  the  bases  rise  to  the  top  in  tl 
which  may  be  separated  by  bringing 
water,  on  a  leTel  with  the  neck  of  t 
the  bases  may  be  effected  in  various 
cubic  centimetre  of  the  oily  liquid  on  . 
of  100  grms.  of  quartz  sand,  2  of  cl 
nitrate  of  copper.     After  incorporat 
glass  tube,  and  kept  at  90°  in  a  watei 
it  is  ultimately  exhausted  by  warm  i 
and  made  up  to  100*.     If  the  alcohol 
if  it  contained  I  per  cent  of  methyl 
side  of  the  preceding,  is  manifestly 
the  shade   is  a    very  distinct  violet 
is  considerably  darker.    The  process 
by  having  volumetric  solutions  of  m* 
Tery  minute  quantities  of  methyl  a] 
adding  6  co.  of  the  liquid  to  95  cc. 
diluting  5  cc.  of  this  liquid  with  JOO  < 
in  a  porcelain  capsule.     Fragments  o 
sulphur),  immersed  in  tlin  lir.-"'*  <■ — 
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tw69tywfoui^  b^iurs,  and  then  be  distilled.  Orystala  appear  after  » 
tiiB6  ia  ik»  eooler  parts  of  the  flask  ov  retort ;  Hkeir  composition 
in  (CHsJkCj|04.  It  vould  also  be  quite  possible  to  produce  sueli 
Oomp^MOa  as  the  salicylate  of  methyl,  &c 

Famm  Aoitk-r^lt  has  been  already  stated  that  methyl  aloohol, 
whesa  6iUy  oxidised*  is  resolved  into  CO,  and  water.  'Hob  take» 
plaoe  in  two  stages ;  first,  formic  acid  ia  produced,  and  then  thia 
IbrmiQ  acid  breau  up.    Thus : — 

(1.)  Met^l  Alcohol,  Fonnio  Acid, 

Oa«0+Os  s  CHfOi+HsO 

(&)  Wonaio  Acid, 

2CHt0s+0s  «  900%+2BkO 

It  hence  follows  that  if  a  spirit  be  distilled  in  the  manner 
recommended  by  Dr.  Dupr6,  and  only  partially  oxidised,  it  ii^ 
possible  to  get  formic  acid,  which  has  some  very  characteristio 
properties.  To  obtain  this  result  a  small  portion  of  the  dis* 
tillate,  2  to  4  ca,  is  taken,  and  3  grms.  of  potassic  dichromate 
are  added,  with  an  equal  quantity  of  pure  sulphuric  acid,  and  four 
or  five  times  as  much  water.  This  is  allowed  to  act  for  twenty 
minutes,  and  then  distilled ;  the  liquid  is  alkalised  with  sodium 
carbonate,  evaporated  to  half  its  bulk,  acidulated  with  acetio 
add,  transferred  to  a  test-tube,  and  then  heated  gently  with  a 
5  per  cent,  solution  of  nitrate  of  silver.  If  formic  acid  has  been 
produced,  there  is  a  distinct  precipitate  of  metallic  silver. 

§  235.  FoiLsel  Oil  is  the  name  given  by  most  chemists  to  amylio 
alcohol ;  it  may,  however,  be  conveniently  applied  to  the  mixture 
of  the  higher  homologues  of  ethylic  alcohoL  Dr.  Dupr^*  detecta 
fousel  oil  by  oxidising  one  or  two  grms.  of  alcohol,  previously 
distilled  (if  necessary)  in  the  manner  already  described.  When 
cool  the  flask  is  opened,  the  excess  of  dichromate  reduced  by 
zinc,  and  the  acids  produced  distilled  off.  The  acid  distillate 
is  neutralised  with  a  standard  solution  of  normal  soda,  tho 
solution  evaporated  to  a  small  bulk,  and  transferred  to  a  retort. 
An  amount  of  normal  sulphuric  acid,  equal  to  one-twentieth  of 
the  normal  alkali  used,  is  now  added,  and  the  contents  of  the 
retort  are  distilled  to  dryness  in  an  oU-bath,  the  temperature  being 
allowed  to  rise  to  about  130**.  Water  is  then  added,  with  a 
further  quantity,  one-twentieth,  of  normal  acid,  and  the  contents 
re-distilled  to  dryness.  Some  water  is  now  poured  on  the 
dry  residue  in  the  retort,  and  it  is  again  distilled,  the  latter 
operation  being  repeated  three  times.  The  distillates  from  these 
various  operations  are  united,  neutralised  by  carbonate  of  barium, 
the  solution  boiled,  filtered,  and  evaporated  to  dryness,  the 

♦Op.  cit. 


biie  oanum  tound  will  closely  appro 
tioned  i  but  if  the  liighur  alcohols  an 
be  lower,  and  a  fair  approximation 
will  be  arrived  at  bj  estimating  the 
ftcetate  and  valerunAte,  and  calculal 
the  nni&l  principles. 


BRAKDT. 

{  236.  Brandy,  in  its  present  form 
from  tlie  distiUaition  of  wine ;  inferi 
the  reAue  of  grspefl,  with  admiztort 
oonstitaents  of  brandy  are — ftlcohc 
{ethyl  pel&rgonate),  bntyrio,  and  Tol 
titiea  of  grape  sugar,  minute  quantitie 
matter,  a  traoe  of  fannin^  acetic  ad 
The  ipecnfio  gravity  of  gennine  brandi 
the  Bolida  from  1  to  1-fi;  ash,  -04 
{reckoned  as  t«rt«ria  add)  ;  and  the  b 

The  adolterants  to  be  looked  fbi 
aloohols,  tannin  in  exoeaa,  aulphnrio 
hot  principles,  sach  as  cayenne.  Th 
the  examination  of  the  distillate  are 
378  et  atq.)      Any  acetic  acid  will  be 
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will  remain  in  the  residue,  and  (if  no  free  mineral  acid  is  detected) 
may  be  estimated  volumetricallj,  and  returned  as  tartaric  acid 
(I  oc.  of  d.n.  soda  =  -0075  tartaric  acid). 

If  the  residue  taste  hot  and  pungent,  some  sophistication,  such 
as  capsicum,  must  be  present ;  an  attempt  should  be  made  to 
separate  such  hot  substances  in  a  comparative  state  of  purity  by 
benzole,  ether,  &c. 

If  the  brandy  is  coloured  by  caramel  alone,  on  the  addition  of 
a  persalt  of  iron  there  will  be  no  deepening  of  tint ;  if,  on  the 
contrary,  the  colouring  be  deriyed  from  the  cask,  and  the  brandy 
contain  tannin,  it  will  deepen  very  decidedly  in  colour. 

Since  it  appears  that  in  some  of  the  recipes  of  the  trade  tinc- 
ture of  oak  bark  is  used,*  should  the  precipitate  by  a  persalt  of 
iron  be  very  evident,  the  amount  of  tannin  must  be  estimated. 
The  direct  addition  of  hydric  sulphide  to  acidified  spirits  pro- 
duces a  colour  sufficiently  dark  to  be  noticed  should  lead  or 
copper  be  present,  especially  if  an  equal  bulk  of  the  unsulphuretted 
spirit  be  compared  side  by  side.  If  zinc  be  sought,  it  will  be 
best  to  add  carbonate  of  soda,  evaporate  to  dryness,  and  proceed 
as  in  the  article  on  "  Zinc  "  in  the  second  part  of  this  work,  to 
which  portion  also  the  reader  is  referred  for  special  processes  for 
the  detection  of  lead  and  copper. 


RQM. 

§  237.  The  best  rum  is  distilled  from  fermented  molasses, 
inferior  kinds  from  the  debris  of  the  sugar-cane.  In  France  a 
considerable  amount  of  spirit  is  also  derived  from  the  molasses 
of  the  befetroot-sugar  factories.  The  specific  gravity  of  rum 
varies  from  '874  to  '926 ;  it  is  usually  a  strong  spirit,  genuine 
rum  never  falling  below  50  per  cent,  of  alcohol,  and  often  reach- 
ing as  high  as  70  per  cent.  It  is  always  slightly  acid  (about  '5 
per  cent.)  The  solid  residue  varies  from  '7  to  1*5  per  cent.  It 
may  contain  sugar ;  the  proportion  of  ash  is  very  small,  seldom 
more  than  '1  per  cent.  The  analysis  is  carried  out  strictly  on 
the  principles  before  described. 

*  Mr.  Griffin  found  a  lar^e  quantity  of  tannin  in  a  sample  of  brandy.  He 
explains  the  circumstance  by  the  following  receipt  for  the  manufactnre  of 
Cognac  : — Take  of  acetic  ether  three  quarters  of  a  pound,  French  wine  eight 
quarts,  oak- bark  tincture  (made  with  a  quarter  pound  of  oak  baik  and  half 
a  quart  of  spirit)  half  a  quart,  purified  spirits  so  mufih  sa\A  \m.\i^L^^^V^^ 
to  150  quarts  of  54  per  cent,  by  TraUei.— **Chcnas5«\Te»^m^^\v^*v^'»  «s^^ 
Spmta.  ^'    By  John  J.  Gxif^vi,  F.C.S.,  London,  V^^. 


wino,  Ac.     The-  S]ifti6c  j;! initios  -if 
to  '020;  alcoliolic  st i-uugtli  from  50 
under  1  i"'r  cent.;  it  lias  n  iiiiiiutL' 
dom,  iicrliai>s  never,  so  liigli  as  '1  j 
and  a  trace  of  ash.     If  sugar  is  fouD 
The  chief  adulterant  popularly  i 
-whisky  is  potato  spirit,  or  fousel  o 
alcohol,  croosote,  fixed  acids,  and,  ge 
tications  used  for  the  other  spirits,  1 
their  presence  suspected,  as  frauduli 
to  fousel  oil,  small  quantities  in  ord 
to  ita  manufacture,  and  not  an  adu) 
tions  of  the  exact  quantity  of  fousel 
are  probably  those  contained  In  Dr.  D 
Dr.  Dnpr6  found  in  a  sample  of  Scotc 

For  100  <a  Etbylic  Alcnho).     . 

Cap«  Smoke, 

Commoa  Suoslioe,  .... 
Fine  „       .        .        .       . 

Since  these  appear  to  be  the  onlj 
any  credit,  it  is  difficult  to  say  what 
deootes  adoltention,  and  the  questioi 
viz.,  whether  fousel  oil  is  injorions  oi 
injurious  t 

§  239.  That  fousel  oil  u  injurioi 
poisonous)  is  evident  enoueh  fmm  <» 
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administered  to  a  kitten,  after  seventeen  minutes  there  were 
palpitation  of  the  heart,  irregular  breathing,  and  relaxation  of 
the  limbs,  and  in  twenty-two  minutes  there  was  full  anaesthesia. 
The  animal  recovered  after  a  short  time,  the  heart's  action 
remaining  more  frequent  than  usual  until  the  next  day.  Cross* 
observed  similar  symptoms  in  pigeons  and  kittens ;  in  the  latter 
the  respiration  was  stertorous.  Kabuteau  f  states  that  1  of  amyl 
alcohol  in  500  of  water  causes  anaesthesia  in  frogs  in  twenty 
minutes ;  the  heart's  action  becomes  slower,  and  the  skin  dark, 
and  in  about  two  hours  death  occurs,  the  cardiac  pulsations 
gradually  ceasing.  Dr.  Furst  of  Berlin  killed  a  rabbit  with 
about  7*6  grms.  (2  drachms),  injected  into  the  stomach ;  another, 
however,  recovered  from  the  same  dose. 

Action  on  Man. — Men  engaged  in  the  manufacture  of  potato- 
spirit  suffer  from  headache  and  general  nervous  indisposition, 
unless  the  vapours  are  conducted  away  from  them.  An  experi- 
ment by  Cross  on  himself  showed  that  the  vapour  caused  intense 
aching  and  heaviness  of  the  head,  and  other  unpleasant  symp- 
toms. It  has  also  been  shown  that  20  cgms.  (3*0  grains)  of  amyl 
alcohol  taken  internally  produce  slight  symptoms,  the  action 
being  first  stimulating,  then  depressing. 

From  the  foregoing  we  are  now  in  some  degree  able  to  judge 
what  amount  of  amylic  alcohol  would  probably  have  immediate 
injurious  effects  ;  as  to  the  chronic  effects  of  small  doses  nothing 
definite  is  known.  Turning  to  Dr.  Dupr^'s  first  sample  (a 
Scotch  whisky  containing  *19  of  amylic  to  every  100  of  ethylic 
alcohol,  the  whisky  itself  containing  54*5  per  cent,  of  alcohol),  it 
would  appear  that  such  a  whisky  has  about  *49  of  amylic  alcohol 
to  the  ounce.  A  person  taking  2  ounces  of  such  a  liquid  would 
thus  swallow  nearly  a  grain  of  amylic  alcohol,  and  if  it  contained 
three  times  the  quantity,  the  active  properties  of  the  amylic 
would  be  added  to  that  of  the  ethylic ;  for  it  would  then  be  equal 
to  about  3  grains,  the  lowest  amount  at  which  distinct  effects 
can  be  obtained.  Anything,  therefore,  like  a  grain  and  a  half  of 
amylic  alcohol  per  ounce  (irrespective  of  the  question  whether  such 
a  whisky  may  be  pronounced  adulterated  or  not),  may  certainly  be 
considered  injurious  to  health.  The  analysis  of  whisky  is  carried 
out  precisely  upon  the  principles  already  detailed. 

§  240.  The  prosecutions  for  mere  dilution  of  whisky  J  have 

*  Cross:  De  TAlcohol  Amyliqne  et  Methyl  bxlt  rOrganisme.    Th^. 
Strasburg,  1863. 

t  Rabuteau :  Ueber  die  Wirkang  des  i£thyl,  Batyl,  und  Amyl  Alkohola. 
r  Union,  Nos.  90,  91,  1870,-  Schnudes  Jahrb.,  Bd.  \4a,  y-'^J^ 

t  The  legal  limit  of  dilution  of  brancVy,  nAu^-^,  ot  ramSi^^  ^^isps^^ 
under  proot     (See  p,  48,) 
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been  ratlter  frequent,  especiiiily  in  the  noith  «f  England;  but  very 
few  eonvietioni  for  otber  adultenttions  uppear  to  have  been  ob- 
tained. The  following  case  [tfesents  sufficient  points  of  interest 
to  deserve  quotation  : — 

At  tbo  Greenock  Polioe  Court,  W.  D.  wu  acciwod  of  tdling  to  two 
wameo  four  gilli  of  whiiky  adaltented  witli  tiied  acid  in  a  ftee  alate.  .  .  . 
The  analyst  itatod  ttuA  the  liquor  contaiiie<l— 

3i'3    Alciiliol     -     72'4  proof  sinrit  ^J 

6-42  Fixed  acid.  ■ 

g-ST  VoUtile  add.  ■ 

32-20  Aih. 

The  adalteratinn  did  not  materially  increase  tlie  weight  of  the  whisky,  and 
it  was  Dot  hurtful,  but  the  liquor  wiu  uf  iiibiriar  <|Qal]ty.  Althouch  volatile 
acid  waa  ■ometimcs  found  in  whUky  from  oitural  cauaeii,  it  did  not  occur 
iu  su  largo  a  qaoutity.  He  wta  of  opinion  that  it  bad  been  added  in  the 
prcBOiit  case  in  the  form  of  aheiry  wme.  Volatile  acid  h.id  the  quality  of 
changing  the  tone,  and  ^ving  it  a  little  flavour.  Thp  fixed  acid  could  not 
lie  preaent  in  pure  whisky  nulels  it  had  been  added.  A  |>enalty  was  impCBol 
by  the  court. -A'an.  R'fcr,!.  i.,  1874.  -Mi 


§  241.  Gin  is  a,  spirit  Uavoi 
different  receipts  used  iii  the  trade  include— 


i  substances.     The 


Jnniper  berries. 
Coriander  seeds. 
Orris  root. 
Angelica  root. 
GalamuB  root. 


Cardamom  seeds. 
Liquorice  powder. 
0 rains  of  Paradise. 
Cassia  buds. 


These  generally  impart  tlieii-  essential  oils  to  the  spirit  A 
few  of  the  more  imjrortant  only  will  be  described  here. 

S  242.  OU  of  Caiamwi.—The  oil  distilled  from  the  root  of  the 
calamus  is  a  somewhat  thick,  yellow,  or  brownish-yellow  oil; 
neutral,  specific  gravity  0'950  to  0'952;  after  rectification,  0-950; 
boiling  point,  196°.  It  contains  oxygen,  is  but  slowly  changed 
by  sodium,  and  does  not  fulminate  with  iodine.  It  dissolves 
in  all  proportions  in  alcohol  and  bisulphide  of  carbon.  The 
spirituous  solution  of  the  oil  takes  a  brown  colour  on  the  addi- 
tion of  a  little  chloride  of  iron. 

§  243.  OU  of  CaTdamoms  is  a  jiale  yellow  oil,  with  a  strong 
Hiuell  of  cardamoms,  of  neutral  reaction,  of  specJ£c  gi-avity  0-92 
to  0-94.     It  contains  a  stearoptene  of  the  formula  Cj^HuSHjO.* 
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§  244.  Angelica  root  contains  a  volatile  acid — Angelic  (zcid — a 
bitter  principle,  a  crystalline  substance — Angdicine — a  resinous 
substance,  an  essential  oU,  and  other  constituents. 

Angelic  Acidy  G^HgOo,  forms  transparent  glittering  prisms  and 
needles,  melting  at  44  to  45®  into  an  oil,  which  may  be  solidi- 
fied at  0°  into  a  crystalline  solid.  If  the  heat  be  raised  up  to 
190*^  it  boils  and  distils  unchanged ;  it  is  inflammable,  burning 
with  a  luminous  flame.  The  acid  reddens  litmus,  and  has  the 
odour  of  the  root.  It  scarcely  dissolves  in  cold  water,  but  is 
soluble  in  hot,  in  alcohol,  ether,  turpentine,  and  the  fatty  oils. 
It  forms  salts  with  bases,  which  lose  a  part  of  the  acid  on  evapo- 
ration. It  precipitates  lead  and  silver  salts  white  ;  iron  salts, 
dark  yellow ;  and  copper,  bluish.  By  the  aid  of  hydric  iodide 
and  red  phosphorus,  acting  at  180^  to  200°,  angelica  acid  is 
changed  into  valerianic.  Melting  the  acid  with  KHO  decom- 
poses it  into  propionate  and  acetate  of  potash. 

Angelidne  is,  according  to  Brunner,  probably  identical  with 
hydrocarotin,  a  principle  described  by  Husemann,  found  in  the 
Daucus  carotay  L.,  and  to  which  the  following  formula  is  ascribed, 
CjgHgQO.  Hydrocarotin,  or  angelicine,  forms  colourless,  large, 
thin  plates,  without  smell  or  taste,  swimming  in  water,  and 
becoming  at  100"  hard  and  brittle.  At  higher  temperatures 
(120*'*5)  it  melts  without  loss  of  weight  to  a  yellow  fluid,  which 
solidifies  as  a  resinous  mass,  and  cannot  be  again  crystallised. 
It  is  readily  soluble  in  ether,  chloroform,  carbon  bisulphide, 
benzine,  oil  of  turpentine,  and  warm  olive  oil.  It  is  not  changed 
in  colour  by  concentrated  hydrochloric  acid ;  fuming  nitric  acid 
dissolves  it  with  the  evolution  of  gas.  Concentrated  sulphuric 
acid  dissolves  it  to  a  red  fluid,  depositing  brownish-white  flakes 
on  dilution  with  water. 

Angelica  Oil  is  colourless,  and  lighter  than  water ;  it  has  a 
penetrating  odour  and  camphor-like  taste,  and  resinifies  on 
exposure  to  the  air.* 

§  245.  Oil  of  Coriander  is  a  pale  yellow  oil,  smelling  like  the 
fruit;  of  specific  gravity  -871  at  14°,  and  a  portion  distilling 
over  at  150°.      The  volatile   part  corresponds  to  the  formula 
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CjgHjgHjO;  the  portion  of  a  higher  boiling  point  to  4CioHiflHjO. 
If  both  portinns  are  distilled  with  phosphoric  anhydride,  a 
powerfully  odorous  camphor,  CjoHj-,  is  produced.* 

§  246.  OU  of  Jvniper  ia  contained  in  the  unripe  hen-ies  of  the 
common  juniper,  in  the  proportion  of  from  ■+  to  -75  i>er  cent. 
It  Is  colourless,  or  of  a  pale  yellow,  dissolving  with  turbidity 
in  twelve  parts  of  alcohol  of  S3  per  cent.  Miscible  in  all  pro- 
portions with  ether  and  bisulpliide  of  carbon.  Smell  and  taste 
mildly  aromatic.  Specific  gravity  0862  t-o  0-8H,  but  the  poorer 
commercial  samples  often  have  it  specific  gravity  of  0-860,  The 
perfectly  colourless  oil  does  not  fulminate  with  iodine,  but  the 
commoner  kinds  explode  powerfully .t  If  from  5  to  6  di-ops  of  the 
oil  be  placed  in  a  test-tube,  and  tivo  times  its  bulk  of  sulphuric 
acid  be  added,  much  heat  is  developed  with  the  evolution  of 
vapour,  and  the  fluid  becomes  dark  yellow-red  and  turbid;  on 
now  diluting  with  10  cc.  of  00  per  cent,  alcohol,  the  colour  changes 
to  a  somewhat  dirty  rose  tint.  The  pure  oil  boils  between 
140"  and  150°;  it  polarises  to  the  left.  On  exposure  to  the  air, 
oxygen  ia  absorbed  ;  and  on  long  standing,  colourless  tables  of 
juniper  cftni])hor  are  Ki-piirnted.  This  camphor  melts  and  sub- 
limes without  decomposition,  is  easily  soluble  in  ether  and 
alcohol,  and  may  be  obtained  in  feathery  crystals. 

The  action  of  warm  water  on  junijier  oil,  if  kept  up  for  some 
considerable  time,  results  in  the  formation  of  a  crystalline 
hydrate.  Oil  of  juniper  is  officinal  in  all  the  Continental  phar- 
macopceias,  as  well  as  our  own.  In  such  large  doses  as  from  15  to 
30  grms.,  it  is  fatal  to  kittens,  apparently  acting  in  the  same  way 
as  turpentine.^ 

§  247.  Analysis  of  Gin. — The  analyst  ahonid  find  in  good  gin  at 
least  80  per  cent,  of  proof  spirit,  and  a  variable  amount  of  sugar 
and  flavouring  matters,  seldom  much  over  6  or  6  per  cent.  Sul- 
phuric acid,  sulphate  of  zinc,  alum,  and  lead  should  always  be 
looked  for.  Many  writers  seem  to  imagine  that  grains  of  para- 
dise is  an  adulterant.     It  is,  however,  in  its  properties  merely  a 

*  HcsEMAKK.— "  Die  Pflanz^nstoffe."    Berlin,  1871. 

Kawalikh.— Voum.  Pratt.  Cliem.,  Iviii.  226. 
iU  U  raid  Uuit  the  oil  from  the  unripe  fruit  explodes,  that  from  tba 
folly  ripe  berries  losing  this  property. 
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UusniANN.— "Die  Pflonzenatoffe."    Berlin,  1S71. 

SiHO^f.— "De  Olei  Jnniperi  Berol,,"  1S4I.     Berlin  ittd.    Ver.  Ztg. 

19,  1844 
Stebr.— CAcm,  CentnM.,  1856-60. 
SoVKtJKAK  et  CiPITArai.— Joum.  Pftarm,  PV  Kxvj.  "8. 

ZAVBZtB,—ReperL  Pkirm.,  Mi\.  \\5. 
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pepper,  and  much  nonsense  lias  been  talked  about  it.  It  is 
very  doubtful  whether  any  just  conviction  would  be  obtained 
for  the  addition  of  any  harmless  flavouring  to  the  spirit ;  nearly 
all  prosecutions  hitherto  have  been  for  dilution,  and  for  dilution 
only.  It  appears  that  no  genuine  gin  *  is  sold  to  the  retailer  22 
under  proof,  but  the  standard  fixed  by  the  6th  section  of  the 
Amended  Act  (see  p.  48)  lays  down  the  limit  of  35  degrees  under 
proof,  and  anything  below  this  must  be  returned  by  the  analyst 
as  adulterated. 

The  alcohol  should  be  determined  by  distillation,  as  before 
described  (p.  378),  and  the  percentage  in  the  distillate  estimated 
by  specific  gravity,  and,  if  necessary,  in  other  ways.  Neither 
methyl-alcohol  nor  fousel-oil  appears  to  have  been  found  in 
gin. 

The  residue  after  the  distillation  may  be  treated  with  petro- 
leum ether,  benzine,  &c.,  as  in  Dragendorff*s  process  for  the  test- 
ing of  beers.  The  essential  oils  will  be  taken  up  by  the  petroleum 
^ther,  and  may  be  identified  by  their  odour  and  taste,  and  (if 
enough  is  obtained)  by  their  physical  properties.  Sulphuric 
acid,  if  in  a  free  state,  may  be  separated  by  quinine,  as  recom- 
mended under  the  article  "  Vinegar."  The  detection  of  alum, 
lead,  and  zinc  is  elsewhere  described. 


ARRACK. 

§  248.  The  best  qualities  of  an*ack  are  manufactured  by 
•distillation  of  the  fermented  juice  of  the  cocoa-nut  tree,  palmyra 
tree,  and  other  palms ;  the  coarser  kinds  are  made  from  the 
distillation  of  fermented  rice  liquor.  Arrack  is  nearly  colourless, 
e,  slight  tinge  of  yellow  or  brown  being  only  observed  in  samples 
kept  in  casks  for  a  length  of  time.  The  average  strength  and 
composition  of  arrack  are  as  follows : — 

*  In  an  appeal  case  (heard  before  the  legal  limit  was  fixed)  before  Baron 
Cleasby  and  Mr.  Justice  Grove  {Fashler  v.  SleveriiU),  the  analyst  proved  that 
the  gin  was  44  degrees  below  proof.  The  judges  affirmed  the  conviction. 
Baron  Cleasby  thought  the  conviction  was  right.  When  the  respondent 
asked  for  gin  he  meant  such  gin  as  is  ordinarily  sold  ;  and  to  sell  lum  such 
gin  as  that  in  question  was  U>  sell,  to  the  prejudice  of  the  purchaser,  gin 
which  was  not  of  the  quaUty  demanded.  The  amount  of  water  proved  to 
have  been  discovered  with  the  ^in  afforded  evidence  that  it  had  been  added 
for  the  purpose  of  fraudulently  mcreasing  its  measure.  Mr.  Justice  Grove 
concurred  ;  in  his  opinion,  when  it  was  proved  tV\»Xi  ^^  ^^  ^«oX»5iR^  "^ 
juuch  more  water  tmn  gin  as  ordinarily  wAd,  \iie  ouu%  "vw^  >2!DL\«Hra.  ^^a.  *wi». 
«e//er  of  proving  that  he  was  not  aware  o!  tl^e  %\ia\»  \iw\jm^''*»  "^^^ 


392  foods:  their  composition  and  analvsis.        [§  249. 

Per  ceot. 
Specitic  gravit)',        .  .         -OtSa 

AJeohiJ 52700 

Extract, *082 

Ash. 024 

Wat*r 47191 

The  Hindoott  ami  Malays  consume  large  quantities  of  nrrack. 
It  would  appeal-  in  the  East  to  be  occasionally  drugged,  and 
Indian  hemp  and  tbe  juice  from  Bolanacooua  plants  are  said  to  bo 

■  employed  for  this  purpose.  _ 


IJQUEURS  OR  CORDIALS. 

5  24!t.  The  term  cordial,  liqueur,  ic.,  is  applied  to  a  number  of 
liquids  which  essentially  consist  of  very  strong  spirit,  flavoured 
■with  esaenoefl,  and  often  very  biigbtly  coloured  by  vegetable 
colottring-agents,  such  as  turmeric,  cochineal,  &c.  Occasionnlly 
injuriouB  colours  uri'  tise<l,  mid  -iiiltM  of  eoppir.  j)icric  ncid.  iiiirt 
impure  aniline  dyes  have  been  detected.  Of  the  liqueurs, 
absinthe  ts  the  most  important  in  relation  to  health,  and  will 
be  considered  separately.  The  alcoholic  strength  and  general 
composition  of  a  few  others  are  m  follows: — 


BoDekomp  of  Ma&f;bitter, 
BeaedictiDe-bitter,     . 

Crime  de  mentbc,     . 
Aoieette  de  Bordeaux, 
Cnrafoa,    . 
Mflmmd-liqneDr, 
Pfeffer-mnnz  Uqaenr, 
Swediah  Panch, 


Speclfle 

wE°>"™" 

<■„. 

ElttM- 

pTTllT. 

UiHun 

42-fl  1    2-05 

0-106 

1-OT09 

44-4  ;  36-00 

32-57 

3-43 

0-043 

1    1-0481 

4fl-2 

27  7» 

2.1 -m 

l-«7 

0141 

1    1-0*47 

40-7 

2«-2S 

27-b:< 

fl-B5 

0W8 

J-0M7 

35-2 

34 -S? 

34-44 

038 

0-040 

,    1-O3O0 

28-60 

28-60 

0-10 

0-0*0 

1-0830 

32  02 

31-18 

0-84 

0-058 

1    1-1429 

28-6 

48-25 

47-;« 

0-90 

0-068 

1  i-iaw 

21-6  [36'61 

... 

§  2oO,  Absinthe  is  a  yellowish-green  liqueur,  -which  contuns, 
MS  B  pecaliar  and  diBtinctlve  ingredient,  a  poisonous  oil  having 
*  de!eteiima  action  on  tbe  ner«oM&  a^^tem,    "^^l-ir,  ''  vxina- 
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toood  oil,''  is  the  produce  of  the  '^Artemisia  ahdrUhium,^  Other 
flavouring  oils  are  always  present,  such  as  peppermint,  angelica , 
cloves,  cinnamon,  and  aniseed.  The  green  colour  is  produced  by 
the  juice  of  spinach,  nettles,  or  parsley,  or,  in  other  words,  it  is 
due  to  chlorophyll.  The  absorption-spectrum  of  properly  made 
absinthe,  is  the  same  as  that  of  chlorophyll.  Most  samples  of 
absinthe  contain  sugar.  The  average  composition  of  the  liqueur 
as  consumed  in  London  (where  its  use  is  on  the  increase)  is  as 
follows : — 

Per  cent 

Absolute  alcohol, 50 '00 

Oil  of  wormwood, '33 

Other  essential  oUs, 2*52 

Sucar, 1-60 

Chlorophyll, traces 

Water, 45-66 

On  diluting  absinthe  the  essential  oils  are  thrown  out  of 
solution,  and  the  liquid  becomes  turbid.  The  reaction  is  always 
slightly  acid,  due  to  a  trace  of  acetic  acid. 

AduliercUions  of  Abmithe. — The  composition  of  absinthe  appears 
to  be  fixed  by  no  definite  standard  of  strength ;  therefore, 
practically,  the  analyst  has  to  look  only  for  such  substances  as 
injurious  colouring-matters  and  metallic  impurities.  Sulphate  of 
indigo  with  turmeric  is  not  unfrequently  employed  as  a  colouring 
agent,  and  similarly  picric  acid  has  been  detected,  and  salts  of 
copper.  The  latter  is  readily  discovered  by  diluting  the  liqueur 
and  adding  ferrocyanide  of  potash,  which,  if  copper  be  present, 
will  give  a  brown  coloration ;  picric  acid  and  indigo  are  detected 
in  the  way  elsewhere  described.     (See  Index.) 

Analysis  of  Absinthe. — The  alcohol  may  be  determined  by  dis- 
tillation, after  diluting  the  liqueur  to  cause  the  oils  to  separate, 
and  getting  rid  of  some  portion  by  filtration.  To  make  an 
estimation  of  the  essential  oils,  a  measiired  quantity  of  the 
liqueur  is  diluted  to  twice  its  volume  by  the  addition  of  water  ; 
carbon  disulphide  is  added,  and  the  mixture  shaken  up  in  the 
tube  described  at  p.  G9.  The  carbon  disulphide  dissolves  all 
the  essential  oils,  and  on  evaporation  leaves  them  in  a  state  pure 
enough  to  admit  of  their  being  weighed.  Absinthe,  when  taken 
habitually  and  for  a  lengthened  time,  produces  a  peculiar  train  of 
nervous  symptoms  which  the  French  physicians  affect  to  dis- 
tinguish from  the  similar  symptoms  produced  in  inebriates  by 
alcohol.  In  epilepsy  caused  by  indulgence  in  absinthe,  M.  Voisin 
states,  as  the  results  of  clinical  observation,  that  the  number  of 
fits  is  far  greater  than  in  alcoholic  epUe^&y. 
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*'  The  chemicftl  act  of  rennenUtioii  it  etHentiall;  s  correlative  iihenomenoa 
of  s  vital  set  besiiiDuii;  and  ending  vith  it.  I  think  that  there  is  never 
my  alobolic  fermentatioD  witbont  there  tieiii^,  at  the  ume  time, 
orj^iaation.  develojfiment,  antf  maltiiilicatioii  of  cbbnles,  or  the  cod- 
tinned  canMCutive  life  of  globules  »lrvadj  dtnaed.  —Patttur. 

§  251.  Fermented  liquors  are  tlmse  »i  n  nil  fact  u  red  by  fermen- 
tation— t.«.,ft  pectiliar,  low  vegetable  growth  bas  been  ullowed 
to  grow  And  multiply,  assimilating  material  in  oue  form,  and 
excreting  it  in  anotber,  and  this  process  has  evolved,  with  other 
l)y-prodiictii,  carbon  dioxide  and  alcohol.  Fermentation  used  to 
Ite  considered  as  a  sort  of  special  action  ;  but  iDodttm  researcli 
recognisea  a  great  variety  of  ferments,  and  it  is  a  question, 
wlietber  all  animal  and  vegetable  cells,  in  tlie 
their  normal  functions,  do  not  act  in  a  similar  mai 
environing  fluids,  as  do  the  organisms  more  distinctively  called 
*'  ferments." 

In  normal  alcoholic  or  spirituous  fermentation,  as  in  the  manu- 
facture of  beer,  a  minute  unicellular  plant,  "  yeast,"  grows  and 
multiplies,  and  splits  up  the  sugar,  as  la  the  following  equation  : — 

CbH„Oo  =  2CiHcO  +  2C0!. 
that  is,  ono  molecule  of  sugar  furnishes  two  of  alcohol  and  two 
of  carbon  dioxide.  In  ordinary  practice  this  complete  reaction 
never  occurs,  but  if  by  the  constant  removal  of  carbon  dioxide 
and  alcohol,  by  means  of  a  mercury  pump,  atmospheric  air  be 
excluded,  the  equation  is  nearly  I'ealised.  M.  Fasteur,  in  his 
quantitative  research  on  the  products  of  ordinary  fermentation,* 
found  that  100  parts  of  cane-sugar,  corresponding  to  105-26  parts 
of  grape-sugar,  gave  nearly 

Alcohol,  .  .        51-11 

Carbon  dioxide.  !       *^^^  ^^L^er"  "^"^  I'""*''*  """ff  "*' 


Succinic  acid,  .         .  0-67 

Glycerine,         .         .  3-16 

Matter  united   with  ) 
ferments,      .        .  { 


I'OO 


*  The  method  adupted  by  M.  Paateur  to  detect  and  measure  qntntita- 

tirely  the  glyesrine  and  succinic  acii.  coiAianBi  \ii  ^  feTrot'a'wA.  \vi^^  v*a 

f/otra :— "  Tli»  liquid,  llheii  ttie  feniiw^Atvoo.  ■«»»  w«,  u&  ^.  Sb» 
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M.  Monoyer  •  has  represented  Pasteur's  results  in  the  form 
of  the  following  equation  : — 

4(Ci2H240i2)  +  6H20=2(C4H604)  +  12(C8H803)  +  4CO2  +  0,, 

the  free  oxygen  being  supposed  to  serve  for  the  respiration  of 
the  yeast  cells.  Pasteur's  equation  is  far  more  complex,  and 
represents  no  free  oxygen  as  produced ;  yet  the  fact  of  fermenta- 
tion going  on  briskly  in  a  vacuum,  as  well  as  other  considerations, 
points  to  the  probable  correctness  of  Monoyer*s  supposition. 

As  a  secondary  product,  there  is  also  constantly  acetic  acid. 
This  is  generally  considered  to  originate  from  the  ferment  itself. 
With  ethyl-alcohol  there  is  also  produced,  when  complex  matters 
are  fermented,  several  other  homologous  alcohpls.  For  example, 
if  potatoes  are  fermented,  on  distilling  off  the  more  volatile 
])ortions,  and  collecting  separately  the  final  distillate,  this  is 
found  to  consist  of  propyl,  butyl,  amyl,  caproic,  oenanthyl,  and 
capiylic  alcohols. f 

§  252.  YeaaL — There  are  no  less  than  three  methods  of  causing 
the  wort  of  beer  to  ferment,  but  none  of  the  three  presents  any 
very  distinct  variety  of  the  yeast  ferment.  The  one  generally 
employed  in  England  is  what  is  called  surface  fermentotioU)  in 
which  the  starch  of  the  malt  is  changed  into  sugar  by  successive 
infusions,  and  the  fermentation  takes  place  at  from  15°  to  18®. 
This  in  breweries  is  done  in  large  open  vats ;  the  yeast  floats  on 
the  surface,  and  can  be  removed  by  skimming. 

The  second  method,  more  in  use  in  Germany,  is  fermentation 

sugar  had  disappeared  (which  required  from  fifteen  to  twenty  days  under 
good  conditions),  was  passed  through  a  filter,  accurately  weighed  against 
another  made  of  the  same  paper.  After  having  been  dried  at  100®,  the 
dried  deposit  of  the  ferment  collected  at  the  bottom  of  the  vessel  was  also 
weighed.  The  filtered  liquid  was  subjected  to  a  very  slow  evaporation  (at 
the  rate  of  from  twelve  to  twenty  hours  for  each  half  litre) ;  when  reduced 
to  10  or  20  cc.  the  evaporation  was  completed  in  a  dry  vacuum.  The  syrup 
obtained  was  next  exhausted  with  a  mixture  of  alcohol  and  ether  (1  part 
alcohol  of  30^  and  To  parts  ether),  which  extracted  completely  all  the 
succinic  acid  and  glycenne.  The  ether-alcohol  was  distilled  in  a  retort, 
then  evaporated  in  a  water-bath,  and  afterwards  in  a  dry  vacuum.  To  this 
was  added  a  little  lime  water,  to  fix  the  succinic  acid,  and  again  the  mixture 
was  evaporated,  and  then  the  glycerine  was  separated  from  the  succinate  of 
lime  bv  ether-alcohol,  which  only  dissolved  out  the  glycerine.  This  etiier- 
alcohol  solution  on  evaporation,  which  was  finished  as  before  in  a  dry 
vacuum,  left  the  glycenne  in  a  state  fit  to  be  weighed,  and  the  cidcium 
succinate  was  purified  by  treatment  with  alcohol  of  80  per  cent.,  which  only 
dissolved  out  the  foreign  matters." — Schutzenherger  on  ** Fermentation J" 
Lond.,  1876. 

*  *'  Thhae  de  la  Faculty  de  Medicine  de  Strasboure/' 

t  M.  Jeanjean  has  separated  camphyl-alcoVioV  ^kj^  jL\J3\^xw3a.>^%  ^M8aSia^» 
of  madder. 
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by  Mdimoiteiy  yeaat  {Utilarhe/e).  The  Bliin-h  It  trwiafonned 
by  decoction,  and  the  temperature  (12°  to  14°)  U  much  lower 
than  the  former.  The  yeast  forma  a.  sediment  on  the  bottom  - 
and  when  the  first  and  most  active  fermentation  is  over,  the 
dcttr  liqntd  ia  run  off  into  proper  vessels ;  but  the  yeast  not 
faaTing  been  all  deposited,  a  alow  fermentation  still  goes  on 
fi>r  ft  long  time. 

A  third  method,  employed  in  Belgium,  ia  to  leave  the  wort 
to  itadi,  having  first  placed  it  under  proper  conditions. 

The  microscopical  appearance  of  yeast  is  that  of  a  number  of 
jwmd  or  oi-al  cells,  from  -00031  to  -00035  in.  (008  to  009  mm.) 
in  their  greatest  diameter.  They  arc  transparent,  with  one  or 
two  vacuoles ;  contain  often  a  somewhat  granular  protoplasm, 
and  occur  together,  united  two  by  two ;  or,  if  in  active  growth,  in 
groups,  of  which  aeven  is  a  very  common  number.  These  groups 
are  derived  from  oSshoots  or  buds  from  a  single  cell,  which  will 
be  found  somewhere  near  the  iniddle,  and  can  be  identified  by 
itfl  greater  size.  The  usual  teftcbing  as  t-o  the  mode  of  propaga- 
tion has  been  hitherto  that  this  growth  is  effected  by  a  true 
budding ;  but  according  to  Dr.  de  Vaureal,  the  supposed  bud- 
ding is  an  optical  doltision.  He  considers  the  utricle  of  yeaat 
as  allied  to  the  spermogones  of  Tulasne.  The  nucleolar  elements 
of  the  cell  are  spemiatjc ;  and  being  set  fi-ee  by  the  rupture  of 
the  oeU-wall,  produce  new  cells.  This  explanation  would  at  all 
events  account  for  the  ready  manner  in  which  yeast  germs  are 
earned  about  by  the  air. 

Schlosaberger  and  mauy  other  chemists  have  determined  the 
chemical  composition  of  yeast.  Schlossbei^r  gives  the  mean 
of  two  analyses  as  follows  [the  elementary  composition  after 
removal  of  ash]  : — 

SnrfUMTcaut  SsdimmUiTT  TauL 

Csrbun, 49-9  480 

HydroKen,     ....         66  6-5 

Nitrogen.        ....         121  9-8 

Oxygen,  ....         31*4  357 

[Aih 2-5  35] 

The  ultimate  principles  contained  in  yeaat  appear  to  be, 
certain  albuminoid  substances,  tyrosine,  leucine  [neuclein!], 
cellulose,  and  some  other  hydro-carbons,  hut  the  matter  ia  not 
yet  fully  worked  out. 

The  ash  of  yeast  has  been  analysed  by  Mitscherlich,  and 
Sebatzenberget  nrrangea  bis  sjQB,\yaeB  *a  fo'fto-s-i  ■ — 
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Phosphoric  acid, 

Potash, 

oOda,  •••••• 

Magnesium  Phosphate  (Mg,2P04), 
Calcium  Phosphate  (Ca32P04),    . 


Sarface  Teast. 

Sediment  Yeast 

41*8 
d9-8 

39-5 
28-3 

•  •  • 

16-8 
2-3 

•  •  • 

22-6 
0-7 

The  researches  of  Ergol,  Kees,  Pasteur,  and  others  have 
shown  that  there  are  a  great  variety  of  alcoholic  ferments  :  the 
wine  ferment  is  distinct  in  size  and  shape  from  the  beer-yeast 
ferment;  while  the  ferment  of  fruit-juice,  again,  differs  in  the 
figure  of  its  cells  from  either ;  and  to  the  various  alcoholic 
ferments  names  have  been  given — e.g,,  Saccharomycea  eUipaoideus^ 
S.  exiguuSy  S.  c(mglamercUtt8f  S.  apiculatus,  &c.  All  of  them, 
however,  are  of  quite  the  same  general  type  as  yeast  ferment. 

§  253.  When  liquids  become  sour,   ropy,   or  putrid,  in  each 
case  the  change  has  been   produced  by  a  particular  ferment. 
The  lactic  add  ferment ,  e.g.,  decomposes  sugar  into  lactic  acid ; 
the  butyric  acid  ferment  attacks  fatty  matters,  and  separates  in 
a  free  state  butyric  acid ;  and  putrid  ferments^  by  their  avidity 
for  oxygen,  split  up  complex  organic  matters  into  a  variety  of 
substances.     Of  these  ferments,  the  most  important  in 
reference  to  beer  is  the  lactic  acid  ferment.     In  normal 
alcoholic  fermentation,  M.  Pasteur  has  proved  that  there 
is  not  the  smallest  production  of  lactic  acid,  and  when 
this   does  appear,  it   is   certain  that  it  has   originated 
in    and  contaminated  the  yeast  used.     These  ferments 
can  be  recognised  by  the  microscope,  and  they  should 
be  looked  for  generally  in  the  sediment.     For  the  purpose 
of  collecting  the  sediment  of  beers,  wines,  water,  <fec.,  the 
author  has  devised  the  following  tube  (fig.  43).  The  tube  is 
of  the  capacity  of  a  litre,  and  at  the  lower  end  is  conical 
and  open ;  on  to  this  conical  end  is  ground  a  glass  cap,  C, 
which  is  in  point  of  fact  a  shallow  cell  about  an  inch  in 
depth  ;  P  is  a  glass  rod,  the  end  of  which  fits  easily  into 
the  narrow  part  of  the  tube,  and  is  ground  so  as  to  make 
a  perfect  joint.     The  use  of  the  tube  is  as  follows  : — 
The  liquid  under  examination   is  placed  in   the   tube 
closed  by  the  cap,  and  the  plunger  P  is  removed  j  when 
the  sediment  has  all  collected  in  C,  the  plunger  is  very 
slowly  and  carefully  inserted,  so  as  to  stopper  the  lower 
end  of  the  tube ;  the  cap  may  then  be  removed  for  micro-       (S;C 
scopical  examination.  F^t^.  43L. 

Fig.  44  is  a  representation,  after  'Pas^mT)  q1  \ltife  \«cBiKB^a^ 
which  characteriae  sour  or  turned  beer. 
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Re.  44. 

r  articnUtod  into  chnina  o 


different 


1.  Turned  beet— filwnents  simple 

size ;  diameter  Tiimi  "neb. 

2.  Lactic  fermeata  of  beer  aud  wort— small,  fine,  and  contracted  in  the 

middle ;  diameter  a  little  greater  than  No.  1. 

3.  Ferments  of  putrid  wort  ood  beer— mobile  filaments  s*°«"'lly''  which 

appear  at  the  commencement  of  fenoGntatiOD  wben  it  is  slow  ;_invari- 
•blj'  the  result  of  defective  working. 

4.  Fermeats  of  vUcoui  wort  and  roiiy  beer,  rare. 

0.  Pan^^at  soar  beer  with  acetic  odoar — chaplets  of  Mgeodtrtaa  aeeti, 
6.  A  wort  deposit. 

7-  Beer  of  a  peculiar  acidity  — having  a  detestable  taste  and  smell,  generally 
foDDd  with  No  1,  butmore  to  be  feared  than  No.  1. 


§  254.  The  most  accurate  definition  of  beer,  as  brewed  in  tlie 

CBeut  day,  is  that  of  a  fermented  saccharine  infusion,  to  which 
been  added  a  wholesome  bitter.     The  chief  constituents  of 
beer,  stouts,  and  porters,  are — 

{1.}  Water   containing  in  solution  (according  to  its    origin) 
various  salts.     Distilled  water  is  never  used  in  brewing. 
(2.)  Alcohol. 
(3.)  Carbonic  and  acetic  acids. 

t  Malt,  KW^T,  &ftT.traie,  »!^l>ml\aa^Ja  con- 
'   i      BtitMftutB,  aai  o:^. 


(4,)  Malt  extract,   ■ 
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(5.)  Bitter  principles,  occasionally  derived  solely  from  the  hop, 
but  very  commonly  supplemented  by  so-called  "hop 
substitutes."  Samples  of  the  latter  examined  by  the 
author  all  contained  "  quassia,"  and  portions  of  tlio 
following  plants  were  identified — Calumba,  chirata, 
gentian,  and  wormwood. 

(6.)  The  ash  derived  from  the  water,  the  malt,  and  the  bitters. 

To  these  must  be  added  volatile  and  essential  oils,  vegetable 
gelatine,  glucinic  acid  derived  from  the  sugars,  lactic  acid,  and,  in 
porters,  caramel  and  assamar. 

Tlie  general  composition  of  the  chief  ingredients  of  beer  may 
be  gathered  from  the  following  table,  taken  from  Mr.  Watts^ 
Dictionary  : — 

TABLE  XXXVI.— SPECIAL  EXAMINATION  OF  CERTAIN  BEERS. 


• 

Name  of  Beer. 

iil 

1' 

1*" 

Analysed  by 

60 

6-4 

12 

s 

016 

^1 

88-44 

London    Porter,     Barclay    &  ) 
Perkins,      .         .         .         ,  \ 

Kaiser. 

London  Porter, 

6-8 

6*9 

•  ■  • 

86-3 

Balling. 

„       Berlin,   . 

5-9 

4-7 

0-37 

890 

Ziurek. 

Burton  Ale,    . 

]4-5 

6-9 

«  •  • 

790 

Hoffmann. 

Scotch  Ale,  Edinbur^rh, . 

10-9 

8-5 

015 

80-45 

Kaiser. 

Ale,  Berlin,    . 

6-3 

7-6 

017 

85-93 

Ziurek. 

Brussels  J^mbick, . 

3-4 

5-5 

0-2 

90*90 

Kaiser. 

„        Faro, 

2-9 

4-9 

0-2 

9200 

%f 

Salvator  Bier,  Munich,   . 

9-4 

4-6 

018 

85-85 

If 

Bock  Bier,              ,, 

9*2 

4-2 

017 

86-49 

9f 

Bavarian        Draught       Beer ) 
(Scheuk  Bier,  Munich),       .  ) 

5-8 

3-8 

014 

90-26 

19 

Bavarian    Store  Beer    (Lager  j 

Bier,    Munich,    16   months  > 

5  0 

51 

015 

89-75 

If 

old) ) 

Bavarian  Store  Beer,  Munich, 

3-9 

4  3 

016 

91-64 

,y 

,,     Draught  Beer,  Brunswick, 

6-4 

3-5 

•  •  • 

91-1 

Otto. 

Bavarian  B^r  ( Waldschlttoscheu) 

4-8 

30 

•  •• 

91-5 

Fischer. 

Prague  Draught  Beer,    . 

6-9 

2-4 

•  •  • 

90-7 

BaUing. 

Town  Beer  (Stadt  Bier), 

10-9 

3-9 

•  •  • 

85-2 

tf 

Sweet  Beer,  Brunswick, 

14-0 

1-36 

•  •  • 

84-7 

Otto. 

Josty's  Beer,  Berlin, 

2-6 

2-6 

0-5 

94-3 

Ziurek. 

Werder*8  Brown  Beer,  Berlin, 

31 

2-3 

0-3 

94-2 

>) 

White  Beer,  Berlin, 

5-7 

1-9 

0-6 

91-8 

*> 

Biere  Blanche  de  Louvain, 

30 

40 

•  •  • 

930 

\    '^ 

Petennan  (Louvain), 

>                 1 

» 

40 

>  ^0 

\- 

W^-^ 
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Tlie  composition  of  beers,  as  a  wLole,  v&ries  in  some  degree 
according  to  the  kind  of  ale  or  beer,  according  (o  the  method  of 
manufacture,  and  accordiiig  to  its  age  and  preser^'ation. 

Pale  Ale  should  bo  made  from  the  Saest  and  highest  dried 
malt  and  the  choicest  hops,  the  bitter  being  in  excess. 

Mild  Ale  is  a  sweet,  rather  strong  beer.  Table  betr  ih  rarely 
sold — it  ia  &  weak  watery  ale. 

Porter,  aa  di-unk  in  the  metropolis,  is  a  rather  weak  malt- 
liquor,  coloured  and  flavoured  with  i-oasted  malt  Stovi  is  ii 
richer  and  stronger  description  of  porter. 

The  German  Beers  generally  are  fermented  by  sedimentary 
yeast,  and  are  always,  by  reason  of  the  after  fermentation 
("  NacJigiArvjt^'),  well  charged  with  carbon  dioxide.  The  lager, 
summer,  bock,  or  export  beers  are  separated  from  the  winter  bcora 
only  by  the  former  being  brewed  from  a  richer  wort,  and  contain- 
ing more  aJcohol,  as  well  as  a  greater  percentage  of  malt  extract. 

Bacarian  Beers  in  some  degree  derive  their  peculiar  qualities 
fi'om  fermentation  at  a  low  temperature.  They  seldom  contain 
more  than  two  per  cent,  of  alcohol,  are  only  slightly  bittered, 
have  a  fine  aroma,  and  a  peculiar  flavour,  said  to  be  due  to  the 
solution  of  a  minute  ft-action  of  the  resinous  matters  used  to 
caulk  the  casks. 

Lambick  aitd  Faro  Beers  are  made  with  unmalted  wheat  and 
barley  malt  In  fermentation  the  wort  is  self-impregnated,  the 
process  sometimes  taking  months,  and  being  mostly  of  a  bottom 
character.  The  beer  contains  a  large  quantity  of  lactic  acid,  and 
is  very  bard  in  consequence. 

Of  the  constituents  of  beer,  it  will  be  necessary  to  notice  fiilly 
the  water,  the  malt  extract,  the  bitters,  and  the  ash. 

§  255.  The  rooter  used  by  lite  brewer  is  mainly  interesting  to  the 
analyst  on  account  of  the  common  salt  held  in  solution,  aince 
in  prosecutions  for  the  addition  of  salt  the  defence  generally  is, 
that  the  latter  is  a  natural  component  of  the  beer.  Thua,  Dr. 
Bottinger's  analyaia  of  the  constituents  of  the  water  used  at 
Messrs.  Allsopp'a  brewery  ia  as  follows  : — 

l-er  atom. 

Chloride  of  Bodiam, 1012 

Salphftte  of  potash 7-65 

lime 18-96 

„  m^Detia 9*95 

Ckrbonkte  of  lime. 15  51 

„  nugneaiA 1'70 

iron, 0-60 

^io*, 0-79 
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Messrs.  Bass  and  Co.'s  water  (according  taan  old  analysis  of 
Cooper)  contains  chlorine  equal  to  a  little  over  10  grains  of 
common  salt  per  gallon,  and  all  published  analyses  of  water  used 
in  breweries  give  quantities  of  salt  under  14  grains  per  gallon. 
However,  since  breweries,  as  a  rule,  use  hard  spring  water,  it  is 
quite  possible  for  the  water  in  particular  localities  to  contain  a 
much  larger  percentage  of  sa]t  than  the  quantity  mentioned 
above. 

§  256.  Malt  Extract. — The  constituents  of  barley  and  also  of 
malt  are  given  in  the  following  table  ;  but  of  these  it  is  the  ash 
alone  which  will  remain,  comparatively  speaking,  unchanged ; 
for  by  the  action  of  mashing  a  very  large  portion  of  the  dextrine 
and  starch  becomes  changed  into  sugar. 


TABLE  XXXVII. — Composition  of  Barley  and  Malt. 


Produce  of  torrefaction,  . 

iiarley. 

Malt 

Air-dried. 

Air-dried. 
00 

KUn.dried, 
pale. 

Klln-driad, 
amber. 

0-0 

7-8 

14-0 

Dextrine, 

5-6 

8-0 

6-6 

10-2 

Starch,   .... 

67  0 

581 

58-6 

47-6 

Sugar,    .... 
Cellulose, 

0-0 

0-5 

0-^ 

0*9 

9-6 

14-4 

10-8 

11-5 

Albuminous  substances, . 

121 

13-6 

10-4 

10-5 

Fatty  substances,   . 

2-6 

2-2 

2-4 

2-6 

Ash,  &c.,        .        . 

31 
100  0 

3-2 
100  0 

2-7 

2-7 

1000 

1000 

Barley  contains  dextrine,  starch,  albuminous  substances,  and 
a  small  quantity  of  fat,  together  with  cellulose,  and  the  ordinary 
saline  constituents  of  seeds.  Malt,  varying  a  little  in  composition 
according  to  the  heat  of  the  final  operations  of  the  maltster, 
differs  from  barley  in  containing  a  small  quantity  of  sugar 
(derived  from  transformation  of  a  portion  of  the  starch),  rather 
more  dextrine,  and  altogether  less  organic  matter,  the  loss  on 
malting  being  usually  represented  as — 


^1 
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Water, 6«i 

SftUne  matter, OtiS 

Orgoaic  nutter, 1X02 

19  DO 
n  100  per  cent  V»rley. 
The  constituents  of  barley  Fire  thus  given  by  Oudeiimuti :~ 


Dried  Baki.ev. 

8t*«ih 05-7 

Dextriiie,        ........  5'S 

Gluten  iuHolulilc  in  water,  iioluble  in  kloohol,  .  0*3 

Soluble  albiimiaoQB  bodies  congnlikble  by  heat,      .  0*3 

„  „  sot  coBgaUble,      .         .  !-!> 

AlbimunouB  bodiea  iceolnblu  in  water  or  in  alcohol,  9*3 

Fatty  an batancen, 2'5 

Celloloee, !i  i 

Aah, 31 

Lime,  tc, 2-4 

According  to  Thomson,  the  foUowing   is  the  relative    com- 
position of  the  ash  of  malt  and  barley: — 


I 


16-W 
8-86 
3-23 
*-30 
0-83 

36 '90 
0-16 
015 

29-67 

Soda.    . 
Lime,   . 
Maguna 

6-08 
3-89 

Ferric  oxide, 
Sulphuric  acid. 

(SO.).  .        . 

1-59 
.15-34 
0-0 

Silica,  . 

28-74 

Valentine  and  O'Sullivan  have  recently  disputed  the  correct- 
ness  of  Oudemann'a  and  the  older  analyaea  in  the  following 
pointR: — Oudemann  tiuds  from  5  to  8  per  cent,  of  dextrine,  Mr, 
O'Sullivan  no  dextrine  at  all;  the  small  percentages  of  sugar 
generally  quoted — viz.,  up  to  10  per  cent.,  Mr.  O'Sullivan  gives 
at  from  16  to  20  per  cent.;  and  the  authors  liare  compiled  the 

following  table,   staling  tbat.    e&«k   item   has   been    estimated 

directly,  and  not  by  diffetencft  ■. — 
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Composition  i 

OP  Pale  Malt. 

(1.) 

(2.) 

Starch,     ..... 

4415 

4513 

Other  carbo-hydrates  (of  which 

60  to  70  per  cent,  consist 

of     fermentable     sagars), 

Inulin(?),   and     a     small 

quantity  of  other  bodies 

soluble  in  cold  water, 

21-23 

19*39 

Cellular  matter, 

11-57 

10-09 

Fat,.        ..... 

1-65 

1-96 

Albuminoids — 

(a.)  Soluble  in  alcohol  of 

specific   Gravity   '820, 
and  in  cold  water. 

•6;^ 

•  •  • 

•46 

•  •  • 

(b,)  Soluble  in  cold  water 

and  at  68°, 

.3-23 

•  •  • 

312 

•  •• 

(c. )  Insoluble  in  cold  water, 

but  soluble  at  68^  to 

TO*',    .... 

2-37 

•  •  • 

1-36 

•  0   • 

(d.)  Insoluble    at   68^    to 

TO*',    but    soluble    in 

cold   water   (albumen 

proper),       ...        '48 
(e.)  Insoluble  in  cold  water 

... 

•37 

•  •• 

and  at  70«*, 

G-.38 

131)9 

8*49 

13*80 

Ash, 

2-60 

1-92 

Water, 

5-83 

7-47 

10012 


99-76 


§  257.  The  Colouring-Matters  of  MalL — ^The  colouring-matter 
of  malt  has  been  investigated  by  Sorby,  and  examined 
spectroscopically.  The  colour  is  of  an  orange  yellow,  and 
may  be  obtained  from  the  hot  water  extract  of  malt,  after 
having  got  rid  of  as  much  sugar  and  gum  as  possible. 
Ammonia  colourH  it  a  deeper  yellow,  so  does  50  per  cent, 
sulphuric  acid.  There  is  no  distinctive  spectrum.  A  special 
test  is  to  add  citric  acid  to  a  watery  or  alcoholic  solution,  and 
then  sodic  hypochlorite.  The  watery  solution  under  these  cir- 
cumstances becomes  flesh-coloured,  turbid,  and  after  a  time 
precipitates.  The  spectrum,  according  to  Sorby,  is  moderately 
dark  from  D  J  E  to  F  ^  G,  clearer  from  there  to  F  f  G,  then 
moderately  dark  without  estimable  narrow  bands ;  but  in  alcoholic 
solution,  the  solution  remains  clear,  and  there  is  a  well-marked 
band  at  the  yellow  end  of  the  green,  which  is  at  4\oC  ^^xVs^'^ 
scale  (that  is,  between  D^EtoB^TS^*,  \i  \\v«i  c^wxtSs^  ^<5»v^ 
tie  band  is  more  evident,  and  goes  to  "D  %^.    TVi^aa  ^^-^^ajcKs^Rss^ 
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are  pa  cli&racteriatic  that  tlie  colouring  o£  idbH  in  complex 
mixtures  can  be  diHcovered  by  them.  In  barley  the  colour 
does  not  exiat 

The  carboniaed  or  high-dried  malt,  used  to  colour  porters  nnd 
dark  beers,  contnins  at  least  two  colouring-mattem  different 
from  that  juat  described.  The  one  is  orange-yellow,  soluble  in 
water  and  strong  alcohol;  it  givea  no  flesh-coloured  precipitate 
with  sodic  hypooJilorite  and  citric  acid,  nor  does  it  (like  the 
hop  colouring-matters)  darken  by  oxidising  agents;  it  is  there- 
fore probably  a  caramel.  The  other  substance  may  be  separated 
as  follows; — The  beer  is  evaporated  to  a  small  bulk,  and  preci- 
pitated by  alcohol;  the  colour  is  thrown  down,  mixed  witli 
gum,  and  hy  redissolring  and  reprecipitating  it  can  ultimately 
be  obtained  nearly  pure.  In  aqueous  solution  it  gives  an. 
orange-brown  spectrum,  which  is  very  slightly  shaded  from  D 
J  E,  moderately  dark  to  E  and  ^  C,  after  that  very  dark. 

A  sugar,  "  maltose,"  is  obtained  by  tho  action  of  malt  extiiict 
on  starch;  it  haa  a  specific  rotRtory  power  of  +  l.'iO*'.  The 
behaviour  of  maltose  to  Fehling's  solution,  and  its  method  of 
estimation,  is  described  at  p.  116.  It  forms  a  hard,  white, 
crystalline  mass,  consisting  of  needles,  which  lose  their  water 
in  a  current  of  air  at  100°. 

§  258.  Beer  Bitters. — Beer,  bittered  by  the  hop  alone,  when 
precipitated  by  acetate  of  lead,  filtered,  and  the  excess  of  lead 
removed  by  hydric  sulphide,  gives  a  filtrate  destitute  of  bitter 
taste;  whOe,  on  the  contrary,  if  it  has  a  bitter  taste,  some 
bitter  other  than  hop  haa  been  nsed.  Whether  such  bitter  is 
an  adulteration  or  not,  will  dei>end  altogether  on  the  nature  of 
the  substance  added;  for  since  the  repeal  of  the  hop  duty  in 
1862,  and  the  consequent  return  of  the  trade  to  other  bitters, 
anything  harmless  in  the  way  of  a  bitter  is  perfectly  legal.  If. 
however,  such  poisons  as  picric  acid,  picrotoxin,  or  colchicine, 
should  be  found,  there  can  be  no  difllerence  of  opinion  as  to  the 
course  the  analyst  should  pursue. 

With  regard  to  these,  picric  acid  has  certainly  been  discovered, 
and  picrotoxin  is  strongly  suspected,  but  as  yet  the  tatter  has 
not  been  proved  to  be  a  common  adulterant.  The  so-called 
discovery  of  colchicine  in  beer  appears  to  have  been  throughout 
a  mistake.  A  sample  of  beer  of  unknown  origin  was  found  to 
contain  a  bitter  amorphous  substance,  soluble  in  water  and 
alcohol,  and  capable  of  separation  from  its  acid  watery  solution 
hy  either  chloroform  or  ether.  Nitric  acid  of  1'48  dissolved  it 
tvitJi  a  fine  reddish  colour,  and  a  mixture  of  nitric  and  sulphuric 
Boids  turned  it  rose-red,    H,  "Vaii  GAievn*  W.&.%  ■Om*.  ^ba  body 
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which  gives  these  reactions  originates  in  the  hop,  and  that  the 
reactions  are  only  produced  in  the  presence  of  gelatine ;  and 
further,  that  a  mixture  of  unadulterated  hops  and  gelatine  gives 
all  the  reactions  of  colchicine.  This  observation  is  quite  as 
important  to  the  toxicologist  as  to  the  food  analyst.* 

§  259.  Hops, — Hops  are  the  catkins  of  the  HumiUus  lupulua^  and 
consist  of  imbricated  scales  enclosing  the  so-called  nut.  The 
scales  themselves  are  covered  with  aromatic  superficial  glands, 
which  are  designated  "yellow  powder,"  or  lupulin.  Freed  as 
far  as  possible  from  the  lupulinic  grains,  the  scales  consist  of 
astringent  matter,  chlorophyll,  gum,  colouring-matter,  and  ash. 
The  lupulin  itself,  according  to  Dr.  Yves,  contains  the  following 
matters : — 

Volatile  Oil, ? 

Tannin, 4'16 

Extractive, 8"33 

Bitter  principle, 9*16 

Wax, 1000 

Resin 3000 

Lignin, 38*33 

Loss, '02 

100-00 

This  analysis  does  not  include  the  oil  of  hops,  which  is  a  very 
important  constituent  of  the  hop,  and  may  be  obtained  by  dis- 
tilling the  fresh  flowers  or  the  lupulin. 

The  resin  and  bitter  principle  of  the  hop  are  to  the  brewer  the 
most  important  constituents,  its  commercial  value  being  directly 
dependent  on  them.  According  to  some  recent  analyses  made 
by  Mr.  Porter,  the  substances  capable  of  solution  in  ether  (viz., 
the  oil,  resin,  and  bitter  principle)  vary  in  different  samples 
from  8*8  to  a  little  over  17  per  cent.-f 

LupiUite,  or  true  Lupulin  (a  substance  isolated  by  Lermer  in 
1863),  can  be  obtained  in  rhombic  prisms  by  treating  fresh  hops 
with  four  times  their  weight  of  ether,  distilling  the  ether  off, 
then  adding  to  the  extract  alcohol  of  90  per  cent,  (which  leaves 
the  wax  undissolved),  and  again  taking  up  the  alcoholic  extract 
with  ether.  The  ethereal  solution  is  repeatedly  shaken  with 
strong  potash-lye  to  get  rid  of  the  resin,  and  lastly  with  pure 

*  Pbospho-molybdic  acid  gives  a  thick  yellow  precipitate  with  lupoline. 
On  adding  ammonia,  and  placing  in  a  watch-glass,  the  precipitate  becomes 
surrounded  by  a  blue  zone.     Colchicine  behaves  in  a  similar  way.  — ZeiUchri/t 
fur  Analyt.  Chemie,  1880,  p.  106. 

tOn  the  Examination  of  Hops,   by  W.  E,,  "CoxXfeT,  ^,C,S>.      AwiVa^A^ 
August,  1877 ;  January,  1878. 
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Tater  to  take  up  tlic  bitter  niattev.  It  is  precipitated  from  tlie 
aqueous  solution  by  sulphate  of  copper,  the  coinpositioD  of  th^ 
precipitate  being  C.^Hj^CuOf;  an<l  crystals  are  obtained  by  dis- 
solving the  precipitate  in  ether,  decomposing  with  SHj,  and 
evaporating  the  ethereal  filtrate  in  a  stream  of  carbonic  acid 
gas. 

A  principle  very  hitter,  but  not  crystalline,  can  also  be  obtained 
by  adding  to  the  aqueous  OKtnict  of  the  Inpulin  grains  a  little 
lime,  and  then  treating  with  alcohol.  The  solution  is  to  be 
evaporated,  tlie  mass  treated  with  water,  and  the  solution  again 
evaporated  to  dryness.  On  washing  this  residue  with  ether,  a 
wliite  anorystalliaable,  bitter  principle — Holuhle  in  20  parts  of 
water,  very  solubie  in  alcohol,  and  but  slightly  ao  in  ether — is 
obtained  ;  it  is  j>robably  a  derivative  of  Lermer's  lupulite. 

Leraier's  LujniHte  cvyBtalliacB  in  glittering,  rhombic,  brittle 
priama,  tasteless  in  themaelvoB,  but  with  a  very  hitler  flavour, 
and  an  add  reaction  when  diasolvBd  in  alcohol.  They  are 
insoluble  in  water,  but  dissolve  easily  in  alcohol,  ether,  chloro- 
form, hLiulphido  of  carbon,  bcuKolc,  and  turpentine;  exposed  to 
the  air,  they  soon  become  yellow  and  partly  amorphous. 
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The  ash  of  the  hop  differs  but  little  from  the  ashes  of  foliar 
organs  generally,  the  relative  proportion  of  each  constituent 
varying  within  somewhat  wide  limits,  according  to  the  particular 
variety.     (See  accompanying  table. ) 

Oil  of  Hops,  according  to  the  researches  of  Wagner,  consists 
chiefly  of  an  oxygen-holding  oil,  CjoH^gO,  containing  in  solution 
a  camphor  boiling  at  175^  The  specific  gravity  of  the  oil  itself 
is  0-968.  It  begins  to  boil  at  125'',  and  successive  portions  can 
be  separated  by  fractional  distillation,  the  last  passing  over  at 
235** ;  one-sixth  distils  over  between  125"  and  175",  and  is 
of  a  pale  colour  and  quite  clear ;  about  half  passes  over  between 
175"  and  225*^,  and  is  also  very  clear ;  but  the  remainder  is 
yellow,  and  the  residue  in  the  retort  has  the  appearance  of  a 
brown  turpentine. 

The  crude  oil  is  brownish-yellow,  and  very  sparingly  soluble 
in  water,  one  part  requiring  more  than  600  times  its  weight  for 
complete  solution.  It  does  not  contain  sulphur,  as  previously 
asserted  by  Payen  and  Chevallier,  nor  does  it  reduce  ammoniacal 
solution  of  silver.  Oxidation  by  nitric  acid  produces  valerianic 
acid  and  a  yellow  acid  resin ;  if  dropped  on  melted  caustic  potash, 
valerianate,  carbonate  of  potash,  and  a  hydrocarbon  are  the 
results.  The  oil  appears  to  be  neither  narcotic  nor  poisonous, 
twenty  drops  having  had  no  action  whatever  on  a  kitten  (W, 
KeiP);  hut  the  wonderful  preservative  properties  ascribed  to  it 
by  older  writers  are  very  problematical. 

M.  Issleib  has  recently  made  a  careful  examination  of  the 
bitter  principles  of  the  hop.  His  method  of  separation  was  to 
extract  with  cold  water,  and  then  to  treat  the  cold  extract  with 
animal  charcoal,  exhausting  the  latter  after  drying  with  90  per 
cent,  alcohol.  This  gave  a  yellow  solution,  from  which  a  brown 
resin  was  precipitated  on  concentration,  leaving  in  solution  the 
bitter  principle  and  another  substance  (C).  The  bitter  may  be 
removed  by  ether,  and  is  pale  yellow,  amorphous,  non-nitrogenous, 
and  slightly  acid,  and  is  dissolved  by  alkalies  with  the  production 
of  a  fine  yellow  colour.  He  ascribes  to  it  the  composition  of 
^20^46^10^  and  states  that  it  splits  up  under  the  infliience  of 
sulphuric  acid,  thus — 

Bitter  Principle.  Lapuliretin.  LapaUe  iidd., 

2C29H4<}Oio      +       SHjO       =       CioHi(j04       +       CfoHgsOi^ 

The  resin  has  the  composition  of  Cj0H24O«p  and  is  presumed 
to  be  formed  by  the  oxidation  of  oil  of  hops;  lastly,  the  substance 
0  is  considered  to  be  an  oxidation  product  of  the  oil  of  hops,  and 
has  the  composition  of  C^QHigO^.* 

*^ra.  Pharm.,  f3],  16, 345-363  ;  Jowm,  CKem,  Soc., ^w3tiA'^^- 
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A  few  other  bitter  principles,  Bome  of  which  have  ftutuftlly 
been  fouud,  anil  the  i-emniuJer  are  supposed  to  exist,  may  bo 
now  conveniently  described.  (For  PUrotoxin  and  Colcliiane  the 
I'eader  is  referred  to  the  second  volume  of  this  work.)* 

§  260.  Abtynihin,  C^HBgO^HO,— The  bitter  principle  of  worm- 
wood, ATtemina  absyrUaium.  It  may  be  exti'acted  from  the  hoti 
aqueous  extract  of  wormwood  by  precipitation  with  tannic  acid, 
evaporating  the  taimate  to  dryness  with  oxide  of  lead,  and 
extracting  the  dried  residue  by  alcohol,  and  subsequent  purifica- 
tion with  animal  charcoal.  Absynthin  dissolves  easily  in  alcohol 
and  ether,  with  dilUculty  in  hot  water,  and  is  scarcely  soluble  in. 
cold.  When  obtained  from  alcoholic  solution  it  is  usually  in  the 
form  of  pale-yellow  drops,  which  gradually  become  crystalline  ;  it 
has  n  peculiar  odour  and  extremely  bitter  tsst«,  and  its  reaction  in 
neutrah  It  reduces  a  hot  ammoniacBl  solution  of  silver  nitrate, 
but  an  alkaline  tartrate  of  copper  solution  remains  uucbangetl 
by  it.  It  is  dissolved  by  caustic  potash  with  the  production  of 
a  brown  colour.  Concentrated  sulphuric  acid  produces  first  a 
browu  colour,  passing  into  a  green-blui'  ;  aa  water  is  added,  tho 
colour  becomes  darker,  until  grey  Jlocculent  particles  are  sepa- 
rated. Boiling  with  dilute  acids  produces  resinous  products^ 
but  no  sugar. 

The  bitter  principle,  according  to  some  observers,  is  a  direct 
cerebral  excitant ;  according  to  others,  a  pure  tonic.  It  is  used 
occasionally  in  medicine,  in  doses  from  i  grain  to  2  grains,  an«t 
the  herb  producing  it  is  officinal  in  the  Continental  pharma- 
copmias.t 

j  261.  ^  Join  — C,flHij,Oj  (Tilden),  C,rH,gO,  (Stenhouse), 
CjjHigOy  (E.  Schmidt) — may  be  obtained  by  ti-eating  aloes  with 
dilute  sulphuric  acid,  removing  the  deposit  of  resin,  and  evapor- 
ating to  a  syrup.  The  crystals  thus  obtained  are  yellow  needles, 
soluble  in  water  and  alcohol,  and  possessing  a  bitter  taste.  The 
amount  of  crystallisation   water  varies  from  5'89  to  14-29   per- 
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cent.  ;  if  anhydrous,  the  melting  ]>oint  of  the  crystals  is  from  70** 
to  80°  [146°  to  148°F.]  ;  if  hydrous,  sulphuric  acid  colours  it  first 
red,  then  orange,  and  it  is  dissolved  by  caustic  potash  with  the 
production  of  a  purple-red  colour.  The  action  of  nitric  acid  pro- 
duces chrysammic,  picric,  and  oxalic  acids,  with  the  addition  of 
carbonic  anhydride ;  that  of  zinc  dust,  methylanthracene  and 
anthraquinone.* 

§  262.  Cnicin,  0^2^66^15'  ^^^  discovered  by  Nativelle  in  the 
leaves  of  the  Cnicus  benedictus  ;  it  is  found  also  in  the  Centaurea 
calcitrapa,  and  in  other  composite  plants.  It  forms  transparent 
silky  crystals,  neutral,  without  smell,  of  very  bitter  taste,  melt- 
ing at  a  high  temperature,  but  not  subliming.  Its  solution  turns 
the  plane  of  polarisation  to  the  right  [a]  r  =  130°68.  It  is  scarcely 
soluble  in  cold  water,  more  so  in  boiling,  soluble  in  all  proportions 
in  alcohol  and  wood  spirit,  almost  insoluble  in  ether.  Cold 
sulphuric  acid  gives  with  cnicin  a  red  solution,  becoming  violet 
on  the  addition  of  water,  and  yellow  on  the  addition  of  ammonia. 
Cold  concentrated  hydrochloric  acid  dissolves  it  with  the  produc- 
tion of  a  green  colour;  on  heating,  brown  drops  separate,  which 
solidify  into  a  yellow  resin,  t 

§  263.  Daphnin,  CgjHjgOjg,  a  crystalline  principle  discovered 
by  Vauquelin,  1817,  in  the  bark  of  the  Daphne  alpina,  L.,  and  D, 
mezereum,  L.  It  forms  long  rectangular  prisms,  or  fine  needles^ 
and  crystallises  with  four  atoms  of  water.  Its  reaction  is  neutral, 
its  taste  bitter.  When  anhydrous  it  melts  at  about  200°  to  a 
colourless  fluid,  which  again  becomes  crystalline  on  cooling ;  if 
the  heat  is  continued,  it  sublimes  as  daphnetin,  CjgHj^Og.  Thi« 
substance  presents  itself  in  fine,  colourless,  rhombic  prisms,  melt- 
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ing  about  250' ;  it  Las  a  bitter  taste,  witli  ii  wwUc  aciit  rmcticHi, 
and  is  easily  Boluble  in  boiling  water,  with  the  production  of  a 
jellow  coloar ;  it  dissolves  also  in  boiling  alcohol,  but  is  very 
little  soluble  in  ether. 

Daphniii  dissolves  slightly  in  cold  water,  easily  in  hot ;  it  is 
also  very  soluble  in  hot  alcohol,  but  is  not  dissolved  at  all  by 
other.  In  solutions  of  the  caustic  and  the  carbonated  alkalies  it 
dissolves  with  the  production  of  a  yellow  colour-  and  is  also  easily 
soluble  in  acetic  acid.  On  boiling  with  a  dilute  odd,  daphoin 
breaks  up  into  daphnetin  and  sugar,  and  emnlsin  and  fermenta- 
tion with  yeast  have  a  simitar  efiect.  An  aqueous  solution  of 
chloride  of  iron  produces,  when  cold,  a  blue  colour,  and  if  the 
liquid  b  boiled,  a  dark  yellow  precipitate.  Nitric  acid  ooloiirs 
it  red.* 

§  264.  Geniianin,  C„H,(Oj,  discovered  by  HciiryandCaventou 
in  ]62I,  but  first  prepared  pure  by  Tronunsdorff,  ia  found,  like 
gentiopicrin,  in  the  root  of  the  GeiUiana,  luUa,  L.  It  forms  long, 
pale-yellow,  silky  needles,  without  smell  or  taste,  which  may 
be  silhlira.;d  above  ^OU'' without  ilrr.in:]>r)sitinti.  Its  solubility, 
according  to  Leconte,  is  as  follows  ; — 1  part  i-equires  of  cold 
water  5000  parts,  of  boiling  3850  parts  ;  of  cold  absolute  alcohol 
455  parts,  of  boiling  6S'3  parts  ;  of  cold  ether  2000  parts, 
for  solution.  Concentrated  sulphuric  acid  dissolves  it  with  a 
yellow  colour;  on  dilution  with  water  it  separates  unchanged;  on 
being  boiled  with  dilute  sulphuric  acid  there  is  no  change.  If 
treated  with  pure  nitric  acid  (1'43  specific  gravity),  a  dark-green 
solution  is  obtained,  and  on  adding  water  carefully  dinitro- 
gentianin,  Cj,Hg(N'02)gOj  +  H^O  separates  out  as  a  green  powder. 
If  similarly  treated  with  strong  nitric  acid,  and  subsequent  addi- 
tion of  water  to  the  solution,  yellow  microscopical  prisms  are 
separated,  probably  trinitro-gtntianin.  Gentianin  reduces  nitrate 
of  silver. f 

§  265.  Oentiopicrin,  Cj^HjjOij,  first  prepared  pur©  by  Kromayer 
in  1862,  is  a  glucoside  found  in  the  fresh  root  of  the  Gentiana 
lutea.     It  crystallises  in  colourless  needles,  with  one  atom  of  water 
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of  crystallisation.  The  crystals  effloresce  in  the  air,  and  lose 
their  transparency,  becoming  white  and  opaque.  The  anhydrous 
crystals  melt  between  120°  and  125°  to  a  brown  fluid,  which 
coagulates  amorphously,  and  at  higher  temperatures  is  fully 
destroyed.  Water  dissolves  it  easUy,  but  it  is  insoluble  in 
absolute  alcohol  and  in  ether,  though,  on  the  other  hand,  weak 
alcohol  is  an  excellent  solvent  for  it.  One  of  the  best  tests  for 
its  presence  is  the  action  of  concentrated  sulphuric  acid,  giving 
in  the  cold  a  colourless  solution,  but  producing  with  slight  warm- 
ing a  carmine-red  colour,  and  precipitating  on  the  addition  of 
water  in  grey  flocks.  It  reduces  an  ammoniacal  solution  of  silver 
nitrate,  and  in  boiling  with  dilute  sulphuric  acid  splits  up  into 
sugar  and  gentiogenin. 

Gentiogenin,  C.^HigOg,  is  an  amorphous,  yellow-brown  powder, 
of  neutral  reaction  and  bitter  taste,  not  easily  soluble  in  cold 
water,  but  dissolving  readily  in  alcohol  and  ether.* 

§  266.  Menyanthin,  CgpH^O^,  a  glucoside  obtained  pure  by 
Ludwig  and  Kromayer  in  1861,  from  the  MenyatUhea  trifoliata^  L. 
As  hitherto  prepared,  menyanthin  is  an  amorphous,  terebin- 
thinate  mass,  becoming  slowly  solid  on  drying  over  sulphuric 
acid.  It  has  a  neutral  reaction,  and  its  taste  is  strongly  and 
purely  bitter.  It  softens  at  60°  to  65°,  and  melts  at  10°  to  15° 
to  a  thin,  clear  fluid,  which  again  solidifies  to  a  hard  transparent 
mass;  by  stronger  heating  it  is  entirely  destroyed.  Concen- 
trated sulphuric  acid  gives  with  it  a  yellow-brown  colour,  which 
on  standing  becomes  violet-red,  and  grey  flocks  are  separated  on 
the  addition  of  water.  By  heating  with  dilute  sulphuric  acid  it 
splits  up  into  sugar  and  menyanthol. 

Menyanthol  is  an  oil  having  an  acid  reaction,  and  an  odour 
like  that  of  oil  of  almonds ;  it  is  changed  by  the  air  (as  well  as 
by  melting  with  potash)  into  a  crystalline  acid  capable  of  being 
subliraed.t 

§  267.  Qudssiin,  CiQHjgOg,  a  bitter  principle,  discovered  in  1835 
by  Winckler,  in  the  bark  of  the  Quassia  amara,  L.,  and  Pierama 
exceUoy  L.  It  forms  white,  opaque,  glittering  crystals,  without 
odour,  and  of  extremely  bitter  taste.  On  heating,  it  melts  and 
solidifies  as  a  transparent  yellow  mass ;  at  decomposition  tem- 
peratures it  bums  like  resin,  if  exposed  to  the  air.  Tannic  acid 
precipitates  it  from  an  alcoholic  solution  in  thick,  white  flocks ; 
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mill  Gooceotrated  inlpburic  acid  diaMtlrc*  it,  vithoat  the  pro- 
duction of  colour ;  and  om  dilatioo  wiUi  nter  it  U  *|>pareiitly 
ypocipitmtfi}  without  cluuige.* 

§  SM.  The  A*/i  of  Bfr. — ^The  asli  of  b««r  wntaiiu  ilie  minenl 
conatitaenta  that  previously  existed  p^rt];  in  the  w^ter,  parUy 
io  the  hop,  and  partly  in  the  m&lt  used.  It  vonid  appear  that 
the  (eiric  oxide,  a  certain  proportion  of  pbcephoric  acid,  a  eniall 
portion  of  the  lime  and  tna^^ia,  with  a  great  part  of  the  silica, 
reumiu  andiKMlved,  and  do  not  pass  into  the  Leer ;  the  rest 
are  disBolved. 

The  followiog  tabic  girea  the  nverag«  composition  of  the  beer 
uh  of  coiamerce  :  — 

PolMh, 37-22 

Soda.  .......  SIM 

Ll'ne. 1«3  . 

M»)(ne«i«i, 3'jl  J 

iron  oxide, trocei  fl 

HalphuHc  aciil. 144  1 

Chlorine 2  111 

Silica, 10-82 

The  table  on  next  page  may  be  also  useful,  showing  aualyses 
of  aali  by  Walz  nnd  Dickson  ("  Dictionar}-  of  Chemistry,  Arts, 
and  Manufactures,"  edited  by  Vincent). 

5  2G9,  Analygia  of  Jker. — The  ordinary  full  analysis  of  beer 
determines — 

(1.)  Thealooliol. 

(2.)  The  carbonic  acid. 

(3.)  The  volatile  and  fixed  acids. 

(4.)  The  perceiitikge  of  lualt  extract,  and,  if  necessary,  its  com- 

(5.)  The  hop  resin  and  glycerine. 
(6.)  The  nature  of  the  bitter  used. 

(7.)  The  general  coniposition  of  the  ash,  and  eGpecially  its 
chlorides. 

(1.)  TIte  alcohol  is  found  most  accurately  by  the  distillation 
process  described  at  p.  373,  but  it  is  often  determioed  ia  tho 
following   manner  : — Shake    up  tlie   beer   in   a  flask,  bo   as  to 
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deprive  it  of  a^  much  carbonic  acid  aa  possible,  then  take  the 
specific  gi-avity  at  15°-5,  and  boil  a  third  of  the  beer  iiway  in 
an  open  beaker.  To  makft  up  the  boiled  beer  to  exactly  the 
original  quality  a^in,  take  the  specific  gravity,  and  calculate 
as  described  at  p,  379. 

(2.)  The  carbonic  acid  which  the  beer  holds  dissolved  la  most 
readily  estimated  by  placing  100  cc.  (or  any  convenient  quantity) 
in  a  fiask  in  conn^tion  with  the  Fox-Lane  mercury  pump 
described  at  gi.  73;  collecting  the  gases,  and  estimating  the  carbon 
dioxide  in  the  usual  way  by  aheorbing  it  by  caustic  potash,  Rnd 
measuring  the  volume  of  gas  before  and  after  absorption.  Another 
method  ia  as  follows  ; — A  flask  provided  with  a  caoutchouc 
stopper,  and  carrying  a  tube  twice  bent  at  right  angles,  is  con- 
nected with  a  smaller  flask,  containing  strong  ammonia  water, 
into  which  the  tube  dips.  This  second  flask  must  also  cany  a 
caoutchouc  stopper,  which  should  be  doubly  perforated,  the  one 
hole  for  the  tube  already  mentioned,  the  other  provided  'with  a 
short,  wide  tube,  packed  with  glass  wool  moistened  with  am- 
monia water.  The  brrr  must  lirat  be  gently  \v;irmi'ii  and 
ultimately  boiled,  when  the  whole  of  the  carbonic  acid  is  ab- 
sorbed by  the  ammonia.  A  sufficient  quantity  of  s.  solution  of 
calcium  chloride  is  now  added,  the  liquid  boiled  until  all  free 
ammonia  is  espelled,  and  the  calcium  carbonate  thrown  on  a 
filter  and  washed.  Lastly,  the  washed  calcium  carbonate  ia  dis- 
solved in  either  standard  or  decinormal  acid,  according  to  the 
tjaantity,  a  little  cochineal  solution  is  added,  and  the  acid 
titrated  back.  2  cc  of  decinormal  acid  c<^^i  10  mgrms.  of  car- 
bonate  of  lime,  or  4-4  mgrma.  of  OO^-  This  simple  process  is 
applicable  to  all  liquids  from  which  carbonic  anhydride  can  be 
expelled  by  boiling. 

(3.)  Volatile  and  Fired  Acids. — The  acetic  acid  is  obtained  by 
distilling  the  beer  nearly  to  dryness,  and  estiiaating  the  acidity  of 
the  filtrate  by  decinormal  solution  of  soda. .  Should  the  residue  in 
the  fiask  or  retort  be  still  acid,  a  little  water  should  be  added, 
and  the  distillation  again  continued  to  dryness  i  any  acid  now- 
remaining  is  certain  to  be  a  fized  acid,  probably  lactic.  It  may 
be  estimated  by  titration,  and  returned  as  lactic.  The  equiva- 
lent of  anhydrous  lactic  acid  is  90 ;  hence  1  cc.  of  d.  n.  soda  ^  9 
mgrms.  of  lactic  acid.  Should  it  be  specially  necessary  to  deter- 
mine the  percentage  of  lactic  acid,  a  sufficient  quantity  of  beer^ 
say  300  cc — is  taken,  evaporated  to  a  small  bulk,  diluted  with 
water,  filtered,  and  mixed  with  a  little  sulphuric  acid ;  pure 
carbonate  of  baryta  is  now  added,  and  the  whole  warmed 
on  ibe  wfttflr-bath  tor  aome  tima.  TiieX\<i^i  i.^  tViA.  freed  from 
■  Drecdpitate  of  awlpWte  oV^wn^M  a^asJCvwo,  ^sA.'iiMe. -^pss- 
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cipitate  well  washed  with  hot  water.  This  filtrate  is  evaporated 
to  a  synip,  and  treated,  when  cold,  in  a  tube  or  separating- 
funnel  with  a  mixture  of  one  part  of  sulphuric  acid,  one  of 
water,  one  of  alcohol,  and  ten  of  ether;  the  ethereal  layer  is 
separated  in  the  usual  way,  and  evaporated.  The  lactic  acid 
thus  obtained  is  still  impure,  and  it  is  best  to  dissolve  in  water, 
saturate  with  freshly-precipitated  carbonate  of  zinc,  and  estimate 
as  zinc  lactate,  the  latter  containing  54*49  per  cent  of  anhydrous 
lactic  acid.  In  most  cases,  however,  the  error  will  not  be  great, 
if  the  total  acidity  of  the  beer  is  taken  directly  without  distilla- 
tion, and  returned  as  acetic  acid. 

(4.)  The  Malt  Extract, — The  extract  of  beer  can  be  determined 
by  evaporating  down  a  carefully  measured  quantity,  and  weigh- 
ing the  dry  residue.  In  order  to  do  this  with  any  approach  to 
accuracy,  the  smallest  possible  quantity  should  be  taken — 5  cc. 
or  5  grms.  is  quite  sufficient.  This  small  quantity,  spread  out 
as  a  thin  film  on  the  bottom  of  a  tolerably  capacious  platinum 
dish,  can  be  thoroughly  dried  over  the  water-bath  in  two  or 
three  hours,  while  if  such  quantities  as  25  cc,  50  cc.,  or  100  cc. 
are  taken,  to  get  the  extract  completely  dry  is  very  tedious, 
and  usually  requires  a  higher  temperature  than  100°.  It  is, 
however,  found  in  practice  much  more  convenient  to  dispense 
with  this  drying  altogether,  the  alcohol  and  carbonic  acid  being 
driven  off,  as  before  described,  the  beer  made  up  to  its  first 
bulk,  the  specific  gravity  taken,  and  the  amount  of  malt  extract 
determined  by  the  aid  of  the  following  tables.  If  the  beer  has 
been  distilled,  the  residue  in  the  retort  or  flask  can  be  made  up 
to  the  original  bulk,  brought  to  the  proper  temperature,  and 
treated  as  just  described. 

The  alcoholic  strengtli,  the  acetic  acid,  and  the  amount  of 
malt  extract  being  known,  th(i  analyst  can  now  give  a  fairly 
approximate  estimate  of  the  amount  of  malt  originally  used  in 
the  brewing  of  the  beer.  To  do  this  it  is  necessary  to  calcxilate 
the  "  original  gravity  "  of  the  beer.  The  specific  gravity  of  the 
alcoholic  distillate  (or,  if  an  indirect  process  has  been  used,  the 
specific  gravity  of  the  alcoholic  strength)  subtracted  from  1000, 
gives  a  number  called  the  "  spirit  indication."  The  degrees  of 
gravity  lost  are  then  ascertained  by  the  aid  of  the  following 
tables,  using  the  first  if  the  beer  has  been  distilled,  and  the 
second  if  the  evaporating  process  has  been  used.  The  degrees 
of  gravity  thus  found  are  added  to  the  specific  gravity  of  the 
boiled  beer,  and  the  number  thus  obtained  is  called  "  the  original 
gravity  of  the  wort,"  On  reference  to  Table  XL.,  the  amount  of 
malt  extract  is  determined,  which.  corvQ8^\i^<&  \jo  ^Jkw^  ^Tv^gsiS^ 
srsLvitv. 
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TABLE  XL^^CanUtuud. 


Spedflc 

MMlt 

Speoiflo 

Miat 

Sp60iflC 

IbOt 

SpMiflO 

lirifr 

Qfftvity. 

Estnet 

Umvity. 

Extnust. 

Gruritsr. 

Estnet 

Onufltr. 

Bktnwt 

1,0188 

4,700 

1,0235 

5,876 

1,0282 

7,024 

1,0329 

8,170 

189 

725 

236 

900 

283 

048 

1,0330 

196 

1,0190 

750 

237 

925 

284 

073 

331 

219 

191 

776 

238 

950 

285 

097 

332 

244 

192 

800 

239 

975 

286 

122 

333 

260 

193 

825 

1,0240 

6,000 

287 

146 

334 

292 

194 

850 

241 

024 

288 

170 

336 

316 

195 

875 

242 

048 

289 

195 

336 

341 

196 

900 

243 

073 

1,0290 

219 

337 

366 

197 
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097 
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338 

389 

198 

950 
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122 
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268 

339 

413 

199 

975 
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146 
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1,0340 

438 
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341 
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488 

348 

633 
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612 
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225 
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389 
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636 
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681 

1,0210 

250 
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413 

304 
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361 

706 
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305 
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488 
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308 

667 
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706 
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863 

217 

425 

264 
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311 

731 
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877 
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609 

312 

756 
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219 

475 
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633 

313 

780 

1,0860 

926 

1,0220 
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314 

804 
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950 

221 
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268 

681 

315 

828 
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976 
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650 
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316 

853 
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731 

317 

877 
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024 

224 
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225 
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322 

8,000 

369 

146 
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TABLE  XLu—CotUinued. 


Speciflo 

Malt 

Speciflo 

Malt 

Speciflo 

Malt 

Speciflo 

Malt 

Gravity. 

Extract 

Gravity. 

Extract 

Gravity. 

Extract 

Gravity. 

Extract 

1,0564 

13,809 

1,0604 

14,761 

1,0643 

15,674 

1,0682 

16,581 

565 

833 

605 

785 

644 

697 

683 

604 

566 

857 

606 

809 

645 

721 

684 

627 

567 

881 

607 

833 

646 

744 

686 

660 

568 

904 

608 

857 

647 

767 

686 

674 

569 

928 

609 

881 

648 

790 

687 

697 

1,0570 

952 

1,0610 

904 

649 

814 

688 

721 

571 

976 

611 

928 

1,0650 

837 

689 

744 

572 

14,000 

612 

952 

651 

860 

1 1,0690 

767 

673 

023 

613 

976 

652 

883 

691 

790 

574 

047 

614 

15,000 

653 

907 

692 

814 

575 

071 

615 

023 

654 

930 

693 

837 

576 

095 

616 

046 

655 

953 

694 

860 

577 

119 

617 

070 

656 

976 

695 

883 

578 

142 

618 

093 

657 

16,000 

696 

907 

579 

166 

619 

116 

658 

023 

697 

930 

1,0580 

190 

1,0620 

139 

659 

046 

698 

953 

581 

214 

621 

162 

1,0660 

070 

699 

976 

582 

238 

622 

186 

661 

093 

1,0700 

17,000 

583 

261 

623 

209 

662 

116 

701 

022 

584 

285 

624 

232 

663 

139 

702 

045 

585 

309 

625 

255 

664 

162 

703 

067 

586 

333 

626 

278 

665 

186 

704 

090 

587 

357 

627 

302 

666 

209 

705 

113 

588 

381 

628 

325 

667 

232 

706 

136 

589 

404 

629 

^4A 

668 

255 

707 

158 

1,0590 

428 

1,0630 

371 

669 

278 

708 

181 

591 

452 

631 

395 

1,0670 

302 

709 

204 

592 

476 

632 

418 

671 

326 

1,0710 

227 

593 

500 

633 

441 

672 

348 

711 

250 

594 

523 

634 

464 

673 

371 

712 

272 

595 

547 

635 

488 

674 

395 

713 

295 

596 

571 

636 

511 

.  676 

418 

714 

318 

597 

595 

637 

534 

676 

441 

716 

340 

598 

619 

638 

657 

677 

464 

716 

363 

599 

642 

639 

581 

678 

488 

717 

386 

1,0600 

666 

1,0640 

604 

679 

511 

718 

409 

601 

690 

641 

627 

1,0680 

534 

719 

431 

602 

714 

642 

650 

681 

557 

1,0720 

17,454 
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From  the  malt  extract  the  amount  of  malt  used  is  calculated, 
32*0  of  malt  equalling  21*0  of  extract;  or,  instead  of  referring 
to  the  malt  extract  tables,  1000  may  be  subtracted  from  the 
original  gravity,  and  the  remainder  multiplied  by  *0028,  which 
will  equal  the  total  amount  of  malt  extract  per  giJlon  in  pounds 
weight. 

Examples^ 

(1.)  An  ordinary  Mild  Ale. 

1000^ 
Specific  gravity  of  alcoholic  distillate        .      =  993*6 

Spirit  indication, ....  6*4 

This  spirit  indication,  on  reference  to  Table  XLI.,  equals  26*0 

Gravity  of  boiled  beer, =1  *014*2 

Add, 26*0 

Original  gravity,  ....       li)40'2 

Now,  in  reference  to  Table  XL.,  1*0402  correspond  to  9*950  parts 
of  extract  in  100,  or  *9950  lbs.  per  gallon. 

Or,  if  from  the  original  gravity,        ...        1  *0402 
Be  subtracted, 1  -000 

And  the  nainber  obtained         ....  402 

Be  multiplied  by *0025 

The  prodnct  equals 1*006 

which  does  not  materially  differ  from  the  amount  obtained  from 
the  tables. 

(2.)  A  beer,  by  the  evaporation  process,  indicated  8*5  percent, 
of  alcohol.  On  reference  to  the  specific  gravity  table  (Table 
XXXIII.),  p.  371,  the  specific  gravity  corresponding  to  this 
strength  is  *9896. 

1000*0 
989*6 

Spirit  indicatbn,         .        .        .     =     10*4 

This,  according  to  Table  XLII.,  corresponds  to  47*1; 

The  gravity  of  the  boiled  beer  was    .        .        .        1016*2 
Add 47*1 

Original  gravity  ....         1063*3 
corresponding,  according  to  Table  XL.,  \iO  VS\.W  "^^o^^  ^^.  \as^^» 


If  the  beer  sLotiM  Jjave  a  s 
acid  (as  in  old  an<I  ],ard  beer 
account  tbe  loss  of  gravity  bi 
calcuiatioB,  and  is  only  occasi 

The  loss  of  gravity  by  ace 

been  found  in  Example  1 ;  fn 
•mount  which  may  be  taken  ai 
*nd  alloved  for  in  the  table. 

Total  wMtic  icid  nrraent. 
IWoot  :       . 

AoBtia  add  to  be  Ukon  mm 

Tba  -SB,  according  to  the  ta 
•aded  to*he  spirit  indication. 

Sjitit  indication  from  alcol 
»  »        from  AcetJ 

Total  spirit  in 

uiBTBstvf  thevaloolation  is  a 
li  tmy  be  deairable  to  exam 
J1>eoi*]ly  with  a  view  to  ascei 
been  used  in  place  of  malt  or  i 
to  Haaratick,  by  taking  advani 
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was  then  left  at  rest  for  twelve  hours,  filtered,  and  the  greater 
part  of  the  alcohol  distilled  off.  The  remainder  was  evaporated  to 
dryness  on  a  water-bath,  the  solid  portion  dissolved  in  distilled 
water,  and  the  solution  diluted  to  a  litre,  and  fermented  with 
yeast  at  20°,  until  all  the  sugar  had  been  destroyed.  The 
fermentation  was  completed  on  the  fourth  day,  and  the  result 
of  the  process  was,  that  beers  prepared  without  grape  sugar  gave 
a  solution  of  no  rotatory  power,  while  those  prepared  with  grape 
sugar  turned  the  plane  of  polarisation  2°'0  to  3°  4  to  the  right,  as 
observed  in  Hoppe's  scale. 

(5.)  The  Hop  Resin  and  Glycerine. — Griessmayer*  estimates  the 
hop  resin  and  glycerine  by  concentrating  the  beer  to  one-third  of 
its  bulk,  and  shaking  it  up  with  petroleum  ether;  this,  on 
separation  and  evaporation,  leaves  the  hop  resin.  The  liquid, 
now  freed  from  hop  constituents,  is  made  alkaline  by  baryta 
water,  or,  better,  by  barium  alcobolate,  and  shaken  up  several 
times  with  a  mixture  of  two  parts  of  alcohol  and  three  of  ether; 
the  latter,  on  being  separated  and  evaporated  in  the  usual  way, 
leaves  the  glycerine. 

Clausnizert  gives,  as  the  result  of  his  elaborate  experiments 
on  the  various  processes  for  the  estimation  of  glycerine,  the 
following  method,  which  would  appear  to  be  the  best  hitherto 
published:  50  cc.  of  beer  are  warmed  on  the  water  bath  to  get 
rid  of  CO2,  and  then  mixed  with  3  grms.  of  hydrate  of  lime  and 
evaporated  to  a  syrup;  10  grms.  of  powdered  marble  are  then 
added,  the  mass  frequently  stirred,  and  the  whole  dried  on  the 
water-bath.  The  dish  with  its  contents  is  now  weighed,  and  an 
aliquot  part  (about  two-fifths  to  three-quarters)  put  in  the 
extraction  apparatus  figured  at  p.  68,  and  exhausted  with  20  cc. 
of  alcohol  of  80  to  90  per  cent.  The  alcoholic  extract  {now  about 
15  cc.)  is  mixed  with  25  cc.  of  anhydrous  ether,  the  precipitate 
separated,  and  the  ether-alcohol  received  into  a  weighed  ^ask, 
the  precipitate  also  being  washed  with  alcohol-ether  [2  :  3.] 
The  almost  colourless  filtrate  is  freed  from  alcohol  and  ether 
by  very  slow  evaporation.  Lastly  the  glycerine  is  dried  at 
100°  until  in  two  hours  no  more  than  2  mgrras.  are  lost. 
This  process  will  take  from  two  to  four  hours  for  normal  beer, 
from  four  to  six  for  beer  to  which  glycerine  has  been  added.  It 
may  be  well  to  bum  up  the  glycerine  and  subtract  the  ash  found. 
Clausnizer  gives  the  percentage  of  glycerine  in  common  German 
beers  as  follows : — 

*  Deul.  Chem,  Oes,  Ber,,  xi.  292,  293. 

t  Claasnizer  F. :    Zur  Glycerine  Btstixinuan^  in  "^^Aec.      ^MAmKt^  S"^^ 
Anal^tische  CAem,,  xx,  80, 


of  |iractical  knowlcU<;e.  t 
tube  figureil  at  p.  307.  sir 
siiiiilav  substancos  will  be 
seiliuent,  and  may  be  dm 
probable  that  were  it  posai 
beer  casks,  many  foreign  m 

In  most  cases  it  is  suffici 
casses  hereafter  described, 
the  absence  of  picric  acic 
specially  noxious  substance 
however,  the  analyst  desire 
various  organic  pruciples,  t) 
Vragondorff  and  others,  full; 
this  work,  must  be  used.  A 
evaporated  to  a  synipy  cons 
is  added  to  precipitate  the  dc 
after  standing  some  hours,  tt 
acid,  and  sli&ken  np  successi 
chloroform,  and  {if  salicin  be 

Or  the  beer  may  be  precipi 
the  excess  of  lead  thrown  ' 
Tith  the  solvents  as  describt 
nature  of  the  residae  left  I 
/  made  from  hops  and  i 
)  The  pahvleum  tther  ex 
)  An  amorphous,  sliirhtl 


aimply  n 
(f.lT 


§  269.]  ANALYSIS   OF   BEB&.  427 

(3.)  ChUyrofarm  extracts  (a.),  (5.),  and  («.),  and  also  (/.),  a  sub- 
stance partly  precipitated  by  potassium  iodide  and  phosphomo- 
lybdic  acid ; 

{g,)  A  substance  reducing  ammoniacal  solution  of  silver 
nitrate ; 

(A.)  A  substance  crystallisable  from  ether.  All  of  these  are 
derived  from  the  malt. 

The  normal  reactions  of  the  substances  being  known,  the  fol- 
lowing scheme  will  be  found  useful,  always  bearing  in  mind  that 
few  chemists,  should  they  obtain  any  of  the  reactions  mentioned, 
would  conclude  from  this  alone  that  the  substance  is  actually 
present.  The  reaction  would  be  considered  as  an  indicaiion  only^ 
to  be  supplemented  by  oUier  evidence.  Unless  this  is  remembered 
and  acted  upon,  the  most  unfortunate  errors  may  be  committed 
by  the  inexperienced.  The  beer  is  most  conveniently  shaken  up 
with  the  solvent  in  the  tube  figured  p.  69 ;  the  ether  and  benzine 
will  float  at  the  top,  the  chloroform  will  gravitate  to  the  bottom; 
in  either  case  separation  is  tolerably  easy.  It  will,  however,  be 
found  a  good  plan,  in  the  first  place,  to  separate  the  liquids 
rather  roughly — i.e.,  to  draw  off"  the  ether,  benzine,  and  chloro- 
form layers,  with  some  of  the  adjacent  liquid,  to  wash  this  in  the 
same  tube  with  water,  to  withdraw  the  solvent  from  the  water 
as  completely  as  possible  by  the  separating  tube ;  and  if  this  (as 
sometimes  happens)  is  not  very  feasible,  to  evaporate  the  impure 
liquid  to  dryness  in  a  water-bath,  and  exhaust  the  residue  with 
the  original  solvent.  The  latter  may  be,  in  the  first  place,  con- 
centrated over  hot  water,  and  then  portions  distributed  between 
two  or  three  watch-glasses,  and  evaporated  to  dryness. 


L  THE  ACID  SOLUTION. 

Petroleum  Residue. 

(a.)  It  is  amorphous,  colours  sulphuric  acid  first  brown,  then 
violet,  and  finally  red  violet.  Tra4ie8  o/AbayrUhin, 

(6.)  It  is  amorphous,  colourless,  having  a  hot  taste,  reddening 
the  skin,  and  colouring  sulphuric  acid  brownish-red. 

Trcusea  cf  Capsicin. 

(c.)  It  is  amorphous,  green,  is  coloured  by  sulphuric  acid  and 
sugar,  and  gives  no  precipitate  with  ammoniacal  silver  solution. 

Besin  of  the  Juniper  berries. 

(d,)  It  is  crystalline,  yellow,  and  becomes  blood-red  on  warm- 
ing with  cyanide  of  potash.  FicnA  q«im^. 
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acid  fint  t«d,  tk« 


tUoride  tlilwn  iti  Ok  eM. 

(a.)  Tumin   does  not   ptvcijntBte  the  Bolntiati   in    wftter; 
resulne  sharp  laatiiig. 

1.  Sulphiiric  acid  colours  it  T«d  brawa,  Ct^mcin. 

2.  Snlpbnric  acid  coloan  it  brown.  Daphne  bitter. 
(6.)  Tnnnin  precipitatea  tbe  solution  in  water;  tbe  residne 

Mine w  bat  bitt^. 

I.  Buic  lead  noetate  cnnses  a  weak  tnrtBdi^,  snlphBrie 
acid  and  sagar  scarcely  T«ddeii. 

1.  Iron  cblnride  colours  tlie  watery  fmlntion,  on  waxm- 
in^  brownish-green;  taste  slightly  bitter. 

Oentiaa  bilter. 

2.  Imn  chloride  colonre  the  watery  solution  brown ; 
taste  peculiar,  almost  nnsupportably  bitter. 


II.  Basic  lead  acetate  strongly  pnoipitates,  snlpbnric 
add  and  sugar  colour  it  gradually  a  beautifnl  cheny-red  ; 
taste  bitterisb.  Omein. 

h.  The  residue  lolvble  tn  water ;  does  not  trouble  »oltttion  of  gold 
e&ioride  in  the  cold,  hut  reducei  it  on  toarming. 

(a.)  Tannin  causes  a  faint  turbidity  in  the  watery  solution, 
ammoniacal  silTer  solution  ia  not  reduced.  Heated  with 
diluted  sulphuric  acid,  an  ericinol  smell  is  developed. 
FriJhde's  reagent  colours  it  black-brown,  sulphuric  acid 
and  sugar  a  beautiful  red.  Ledum  hitler, 

(p.)  Tannin  preci]iitates  the  watery  solution  ;  amnioniacal 
Bolatiou  of  silver  is  reduced.     Heated  with  diluted  sul- 
phuric acid,  a  weak  smell  of  menyanthol  ia  developed. 
Trifolium  bitter. 
e.  The  reeidue  trouble  in  water,  precipitateg  in  the  cold  ehlorida 
nf  gold,  but  doe$  not  redtux  it  vpan  inarming.      Heated   with 
dilated  salphuric  acid  (I  of  acid  to  5  of  water),  it  gives  a  ireftk 
benzoic  acid  smell.  Cenlaurea  bitter. 

d.  The  residue  soluble  in  water,  preeipiialea  in  the  cold  cbioride 
0/  gold,  vAich  it  reduce*  uptm  usaTmwg,  Snvl^linric  add  diasolwai 
'(  Snt  brown,  then  gr»d\ia\\7  V\i3\«it  ■,  «fe«t  "Cati  4&Siiw«i.  *.  -wv&ise 
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quickly  a  beautiful  violet.     HydvocMorio  acid  q£  1*135  qMcifir 
gravity  colours  it  first  green,  then  a  beautifiil  blna.  AbtytUimu 


ChLOROFOEM  REglDUE. 

A.  Chloride  of  gold  does  not  precipitate,  and  is  not  reduced. 

a.  Tannin  gives  no  precipitate;  the  residue  has  a  pungent 
taste.  Sulphuric  acid  colours  it  dark-brown  red ;  it  reddens  the 
skin.  Capsicin, 

h.  Tannin  precipitates. 

(a.)  Basic  lead  acetate  gives  a  decided  precipitate.  Heated 
with  diluted  sulphuric  acid  it  ia  first  troubled,  then  it 
becomes  brown-red,  and  develops  a  weak  smell  of  benzoic 
acid.  Cfdcin. 

(h.)  Basic  acetate  of  lead  gives  little  or  no  precipitate. 

I.  Sulphuric  add  colours  browTL 

1.  Residue  bitter. 

cujk  Strongly  bitter.  Quctsnin. 

bb.  Residue  somewhat  bitter.  Gentian  biUer. 

2.  Residue  tasting  pungent.  Daphne  bitter. 

II.  Sulphuric  acid  coloure  bu4  elighUt/  yellow  or  not  at 
all.  Colocynih  hiUer. 

B.  Chloride  of  gold  does  not  precipitate  in  the  cold,  but  is 
reduced  in  the  warm. 

a.  Tannin  does  not  precipitate. 

1.  Intoxicates  fish,  tastes  bitter.  Picrotoxin. 

2.  Is  tasteless  or  slightly  bitter ;  caustic  potash  colours  it 
red-brown.  Constituent  of  Aloes, 

b.  Tannin  precipitates. 

(a.)  Ammoniacal  solution  of  silver  is  reduced.  Heated  with 
dilute  sulphuric  acid,  as  well  as  with  Erohde's  reagent^ 
there  is  a  strong  smell  of  menyanthoL  Menyanthin. 

(6.)  Ammoniacal  solution  of  silver  is  not  reduced.  With 
concentrated  sulphuric  acid  and  sugar,  after  long  standing, 
a  splendid  carmine  red  develops;  heated  with  diluted 
sulphuric  acid,  as  well  as  with  Frohde's  reagent,  an  in- 
tense ericolin  smell  is  developed.  EriooUn. 

C.  Chloride  of  gold  precipitates  in  the  cold,  and  ia  not 
reduced  by  the  application  of  heat.     Nitric  acid  colours  violets 

Cokhidns. 
Heated  with  sulphuric  acid,  an  odour  somewhat  like  trifolium 
is  developed,  then  the  solution  becomea  red-brown,  and  the  smell 
similar  to  benzoic  acid.  G«ydoMir«ik>AJU«r. 

D.  Chloride  of  gold  precipiiAtak  ul  \3Dkft:  oci^  v^ 


I.  Residue  ogtaiked 

(1.)  It  dilates  tlie  p«|)il  ■ 

(a.)  Platin    clilorido    . 

solution.     A  solutio 

ing  a  peculiar  smell. 

(6.)  Platin  chloride  pn 

(2.)  It  does  not  dilate  th' 

(a.)  The    aulphurio   ac 

cerium  or  bichromati 

(b.)  The  Bulpburic  add 
nitric  acid  eolution. 

II.  RESmUK  OBTAINED 

Alcobol. — (Tliia  need  on 
On  wanning  with  snlphui 
a  amelt  of  salicylic  acid  is 

§  270.  A  very  good  proces 
tion  of  a  few  prininples,  is  re 
follows : — 

Tbe  beer  in  evaporated  to  a  i 
mixing  it  with  turee  or  four 
liquid  filtered,  and  the  sugar  pi 
ether-alcohol  solution  is   evap 
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spirit  by  tannic  acid,  but  is  precipitated  by  acetate  of  lead. 
Ammoniacal  solution  of  silver  is  not  reduced  hy  it.  The  filtrate 
of  the  first  lead  precipitate  is  freed  from  lead  by  SHg,  the  lead 
sulphide  filtered  off  and  washed  with  hot  water,  the  excess  of 
SH2  driven  off  by  warmings  and  then  tannin  added  to  the  filtrate. 
If  no  precipitate  occurs,  absyuthin,  quassiin,  and  menyanthin  are 
absent.  Any  precipitate  is  filtered,  dried  with  carbonate  of 
lead,  boiled  with  alcohol,  evaporated,  and,  lastly,  treated  with 
ether.  The  latter  agent  dissolves  absynthin,  which  is  also 
soluble  in  alcohol,  and  in  much  hot  water ;  from  the  latter  solu- 
tion  it  is  precipitated  by  tannic  acid,  but  not  by  lead  acetate ;  it 
is  soluble  in  sulphuric  acid,  and  on  careful  addition  of  water  to 
this  solution  a  violeMue  colour  is  produced.  Absynthin  reduces 
an  ammoniacal  solution  of  silver.  Ether  leaves  menyanthin  and 
quassiin  undissolved.  Both  are  soluble  in  alcohol,  and  the  latter 
behaves  towards  tannic  acid  and  acetate  of  lead  like  absynthin. 
Menyanthin  reduces  ammoniacal  solution  of  silver;  quassiin  does 
not. 

Picrotoxin  may  be  specially  tested  for  by  some  one  of  the 
following  processes : — 

HerapcUJCs  Process, — Mix  the  beer  with  acetate  of  lead  in 
excess )  filter,  and  transmit  sulphuretted  hydrogen  through  the 
filtrate.  Filter  again,  concentrate  the  filtrate,  and  treat  it 
with  animal  charcoal,  which  has  the  property  of  absorbing  the 
picrotoxin.  Wash  the  animal  charcoal,  dry  at  100%  and  boil 
with  alcohol;  this  dissolves  out  the  picrotoxin,  from  which  it 
may  be  obtained  in  tufts  of  crystals. 

Bepaire's  Process. — Mix  with  1  litre  of  beer  finely  powdered 
rock  salt  (which  throws  down  the  resinous  and  extractive 
matters),  and  shake  the  liquid  with  ether ;  an  impure  picrotoxin 
crystallises  on  separating  the  ether  and  evaporating  it :  or  the 
beer  may  be  simply  acidulated  with  hydrochloric  acid  and  agitated 
with  ether,  the  ether  separated  and  evaporated  as  before. 

Schmidt's  Process, — 1.  Evaporate  the  beer  in  a  water-bath  to  a 
syrupy  consistence,  mix  it  with  tepid  water  till  it  is  perfectly 
liquid,  so  as  to  bnng  the  volume  to  a  third  of  the  liquid  used;  heat 
and  shake  with  animal  charcoal.  Let  it  stand  several  hours,  filter, 
and  heat  slightly ;  precipitate  by  basic  acetate  of  lead,  and  again 
filter.  The  liquid  should  now  be  of  a  yellow  wine-colour ;  if  not, 
re-filter  through  animal  charcoal.  Add  from  5  to  10  cubic  centi- 
metres of  amylic  alcohol,  and  shake  briskly  several  times  at 
intervals;  after  twenty-four  hours  the  amylic  alcohol,  containing 
the  greater  part  of  the  picrotoxin,  collects  on  the  surface.  The 
remainder  is  subsequently  eliminated  by  Ct^^Xi  \,T«a.\xawD^.  ^"^^^ 
amjJic  alcohol     Collect  the  limpid  layers  oi  >i)a\A  i\stf3ti^T>^^ 


I  iKjUul,  and  whet 
ahaku  (ip  witli  i;tlier  ;  tliis  i-l' 
into  a  distinct  layei-  oil  tlm 
with  etLer,  and  tlie  whole  of 
tlifl  ethereal  liquids  are  mixe 
vhole  is  evaporated.  The  w 
aiats  of  picrotoxin,  which  thei 
to  fiinmli  the  immediate  pr 
crystals.  These  crystals,  hoi 
the  solution  be  quite  free  froi 
and  i^  for  instance,  the  ether 
must  be  recovered  with  watei 
deaoribed. 

Schmidt  was  able  to  sepa: 
ptcrotoxin  in  a  bottle  of  bee: 
eight  grains  of  Indian  berry.* 

Dragendorff  has  modified  t 
an  exoen  of  acetate  of  lead 
with  the  lead  sulphide  gettii 
The  solphida  of  lead  may  1 
boiled  with  ether,  to  recovei 
dovn  with  it 

By  the  following  process  the 
with  alt<M;ether: — The  beer  is 
4  to  6  Tob.  of  alcohol  of  90  t 
maceration  for  twenty-four  I 
aloohoUo  extract  is  evannmtjtil 
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acid  be  present  a  yellow  residue  will  be  left,  and  can  be  identified 
bj  the  action  of  potassio  cyanide,  as  described  below.  It  will 
not  be  worth  while  testing  specially  for  picric  add,  if  the  beer,  on 
being  treated  with  subacetate  of  lead,  loses  nearly  all  its  bitter 
taste ;  but  if,  on  the  contrary,  it  continues  bitter,  picric  acid,  or 
some  other  bitter  not  precipitable  by  acetate  of  lead,  is  present. 

Another  test  fre(]uently  proposed  for  picric  acid  is  to  soak 
some  pure  wool  in  the  beer,  first  gently  warmed  over  the  water- 
bath  and  acidulated  with  HCl,  when  the  picric  acid  will  stain 
the  wool  yellow.  The  wool  thus  stained  may  next  be  warmed 
with  aqueous  ammonia,  the  liquid  filtered,  concentrated  to  a 
small  bulk,  and  a  few  drops  of  a  solution  of  potassic  cyanide 
added,  when,  if  picric  acid  be  present,  a  red  colour  (potassium 
isopurpurate)  will  be  produced.  Picric  acid  may  be  also  recog- 
nised, if  present,  by  spectroscopic  examination :  the  dried  extract 
is  exhausted  either  by  amyl  alcohol  or  ether,  and  the  solution 
examined,  comparing  any  spectrum  obtained  with  that  given  by 
a  solution  of  the  acid. 

The  best  method,  according  to  W.  Fleck,  of  detecting  picric 
acid  in  beer,  is  to  evaporate  down,  say  half  a  litre  of  the  beer  to 
a  syrup,  mix  the  residue  with  ten  times  its  volume  of  absolute 
alcohol,  filter,  wash,  evaporate  the  alcoholic  solution  to  dryness, 
treat  this  dry  extract  with  water  as  long  as  the  water  is  coloured, 
evaporate  down  the  watery  extract  to  dryness,  and  extract  with 
ether.  The  ether  will  contain  any  picric  acid  in  a  state  pure 
enough  to  weigh,  if  not  absolutely  pure.  The  ether  may  be 
driven  off  and  the  picric  acid  taken  up  by  chloroform  or  benzole, 
and  crystallised  out  from  either  of  those  solvents.* 

§  272.  Mr.  Sorby  has  endeavoured  to  discover  by  spectral 
analysis  differences  between  picric  acid,  gentian,  calumba,  and 
chiretta.  The  characters  of  the  pure  colouring-matters  of  malt 
and  hops,  when  single  and  unfermented,  have  been  already  de> 
scribed.  They  are,  however,  modified  somewhat  by  fermentation 
and  by  keeping  in  the  cask,  and  the  following  is  a  description  of 
what  may  be  found  in  pure  beers.  The  colouring-matter  is  first 
separated  by  evaporating  down  and  precipitating  by  alcohol ;  the 
alcoholic  filtrate  is  in  turn  evaporated,  and  the  residue  dissolved 
in  water.  On  now  adding  to  this  aqueous  solution  sodic  hypo- 
chlorite, it  becomes  gradually  flesh-coloured,  and  if  it  is  strong  a 
spectrum  can  be  obtained.  This  spectrum  is  lightly  shaded  to 
Cf  D,  then  dark  to  D^E,  afterwards  very  dark;  and  when  most 
advantageously  seen  half  dark  from  Df  E  to  E,  then  easily  shaded 
to  F|-G,  farther  on  very  dark ;  and  there  is  a  broad  absorption- 

♦  H.  Fled^  Corre9ponden>Bl  d.  7erdiM,  AnolU  CJlvem.^\a.T\% 
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band  from  K^6.  If  more  hypochlorite  is  addpd.  it  1 
deeper  orange,  and  finally  orange  yellow.  No  difference  cooid 
be  discovered  apectroscopically  between  gentian,  chiretta,  ftod 
bops.      Calnmba  root  it  is  posaiMe  to  detect  as  foUowH  : — 

A  sample  of  pure  and  one  of  auapected  beer  are  evapomt^ 
down.  [A  beer  may  be  suspected  ifthe  extract  is  bright  yellow.l 
Two  observation  tubes  are  taken,  and  thepnre  beer  diluted  until 
it  gives  a  spectrum  easily  shaded  from  DJG  to  Ei&,  then  mode- 
rately dark  from  b^F,  afterwards  dark.  In  the  other  tube  is 
placed  as  much  of  the  suspected  sample  as  will  give  a  colour  of 
about  equal  intensity,  and  in  both  cases  about  one-fourth  of  the 
mixture  mast  be  slcobol,  in  order  to  avoid  a  precipitat«.  Sodic 
hypochlorite  is  now  added  to  both  slowly,  and  in  about  equal 
proportion;  when  pure,  beer  will  become  iirst  red,  and  then  flesh- 
coloured,  with  a  spectrum  moderately  dark  from  fiJF  to  F^y, 
then  half  dark  to  Fly,  afterwards  dark;  whilst  beer  containing 
calumba  root  is  coloured  orange-red,  and  gives  a  spectrum 
lightly  shaded  from  D  to  DJE,  afterwards  half  dark  from 
D|E,  then  dark.  Too  hirtf*!  an  amount  of  hypoelilorit,- 
must  not  bo  adde(I,  or  tho  culour  is  then  too  like  that  of 
pttre  beer.  Picric  acid,  when  in  beer,  gives  a  spectmm 
which  is  easily  shaded  from  F^g  to  Ffp,  then  half  dark  to  about 
g,  afterwards  very  dark.  On  addition  of  Bnlphnric  acid  the 
spectmm  is  lightly  shaded  from  V^g  to  F|y,  then  half  dark  to 
beyond  g  ■  afterwards  very  dark. 

SaHej/lie  Acid  is  used  occasionaliy  in  brewing.  If  the  beer, 
concentrated  to  a  small  bulk,  is  acidified  with  hydrochloric  ftcid 
and  shaken  up  with  ether,  the  latter  solvent  will  extt»ct  the 
organic  acid,  and  it  may  be  identified  by  the  colour  it  gives  with 
ferric  chloride,  and  by  its  physical  properties. 

§  273.  (7.)  The  Ash.— The  analysis  of  the  ash  of  beer  differs  ia 
no  degree  from  an  analysis  of  ash  in  general,  and  is  carried  out  in 
the  principles  detailed,  p.  97  et  »eq.  The  substances  to  which 
the  analyst's  attention  is  specially  directed  are — the  amonnt  of 
salt,  the  presence  or  absence  of  iron  (often  added  in  the  form  of 
Bdlpbate  to  porter),  alum,  and  lead.*  Of  these  the  <»>lj  on« 
necessary  to  allude  to  further  b  the  salt. 

The  udt  in  beer  is  determined  with  Bu£Scient  accuracy  bjr 
charring  in  a  platinum  dish  the  extract  from  TO  cc.  of  beer  (it  i» 
not  well  to  bum  to  a  complete  ash,  for  in  doing  so  there  ia  always 
a  considerable  loss  of  chlorides).  The  charred  mass  ia  boiled  op 
with  successive   portions   of   distilled  water,  filtered,  and   the 
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filtrate  made  up  to  a  known  bulk,  from  which  a  eoayenient  frac- 
tional portion  is  taken,  and  titrated  with  a  solution  of  nitrate  of 
silver  (4*79  grms.  to  the  litre),  1  ca  =  1  mgrm.  of  chlorine,  using 
as  an  indicator  neutral  chromate  of  potash.  The  chlorine  found 
is  calculated  and  expressed  as  common  salt,  every  mgrm.  of  salt, 
when  70  cc.  are  taken,  being  equivalent  to  1  grain  in  the  gallon. 
Mr.  Griffin's  convenient  measure,  the  septem  or  one-hundredth  of 
a  gallon,  maj,  of  course,  be  used,  and  grains  instead  of  grammes — 
each  grain  measure  of  nitrate  of  silver  being  made  to  correspond 
to  one-tenth  of  a  grain  of  common  salt  per  gallon.  Should  the 
amount  thus  found  indicate  more  than  50  or  60  grains  per  gallon, 
a  second  determination  of  chlorine  should  be  made  by  the  more 
accurate  gravimetric  method  of  weighing  the  chlorine  as  chloride 
of  silver.  It  may  even  be  advisable  to  make  a  qualitative  and 
quantitative  examination  of  the  soluble  portion  of  the  ash ;  for, 
if  called  as  a  witness,  the  analyst  must  be  prepared  to  state  posi- 
tively the  amount  of  chloride  of  sodium  ;  nor  can  he  well  do  this 
simply  from  the  soluble  chlorine,  for  that  may  represent  other 
chlorides  besides  chlorides  of  sodium. 

The  amount  of  salt  derived  from  the  hops  and  malt  can 
approximately  be  determined,  as  Mr.  Gkitehouse  has  shown,* — 
First,  for  the  malt :  by  taking  the  original  gravity,  as  before  * 
described  (p.  415),  obtaaning  thence  the  quantity  of  malt  origin- 
ally used  in  the  beer,  and  reckoning  the  malt  to  contain  *025  per 
cent,  of  salt  (and  certainly  no  malt  will  be  found  to  exceed  this). 
Then,  for  the  hops  :  the  possible  maximum  of  salt  in  hops  is  *345 
per  cent.  The  quantity  used  in  brewing  being  seldom,  if  ever, 
more  than  20  lbs.  per  quarter  of  malt  for  bitter  beer,  and  generally 
less  than  half  this  amount  for  strong  beer,  and  this  weight  of 
malt  giving  at  least  72  gallons,  the  salt  derived  from  the  hops 
cannot  in  bitter  beer  exceed  6*7  grains,  and  in  strong  beer  3*35 
grains  per  gallon. 

Thus,  to  take  the  first  example  (p.  423),  the  original  gravity  of 
which  was  1-0402,  corresponding  l^  the  tables  to  9*950  lbs.  of 
malt  extract  per  gallon.  Since  320  of  malt  equal  210  of  extract^ 
and  there  are  7000  grains  in  the  pound-^ 

9*950 X  320 X -025x7000 
210  X 100 

=  2-65  grains  of  salt  per  gallon  as  the  possible  maximum  from* 
the  malt,  the  beer  in  question  not  being  a  bitter  beer.  Add  to- 
this  3*35  as  possible  maximum  amount  of  salt  from  the  ho^^M — 

*  The  Ammmt  of  Salt  in  Beer.    Andlt|«l,  ^o,  «Ki»  \«n . 
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2-65  from  malt, 
3 '35  from  hops, 

6-00  salt  possible  &om  both  m&lt  and  bops. 
Now,  if  the  composition  of  the  water  osed  Id  brewing  be 
knowB,  ODe-third  more  than  the  actual  quantity  of  salt  in  the 
water  present  may  be  added  to  tbe  number  representing  the  salt 
from  the  hops  and  malt,  and  the  data  are  then  complete  for  the 
analyst  to  form  his  judgment  The  amount  of  salt  in  the  water 
used  vfill,  however,  only  occasiounlly  be  known. 

The  numbers  used  Ln  the  above  calculations  being  constants, 
the  process  is  shortened  by  simply  deducting  1000  from  the 
original  gravity,  and  multiplying  by  '066,  the  result  giving  the 
salt  in  grains  per  gallon.  Thus,  taking  an  example  froni  Mr. 
Ofttehonso's  excellent  paper  :* — 

Pn 

Beer  ftmod  to  contun  alcohol t 

Malt  extract, 7 

SpeciEc  gravity  of  alcohol  equals  '9911 ;  the  cpirit 
indication   therefore    equals    8'9,    J^i'ing    an 

original  gravity 38*6 

GraTity  of  boiled  beer,  .        .  1030-6 

Original  gravity  of  wort,    .        .        .  1069*2 

Salt  due  to  malt  Jone,     .  .        69-2  x -066=    4-567 

Salt  due  to  bops, 3-3fiO 

Salt  doe  to  water,  ankaowu. 

Foiaible  total  due  to  malt  and  bops,  .        .        7*917 

The  amount  of  aalt  actnally  fonnd  being  8*55 

It  has  been  suggested  that  the  concrete  sugart-  so  largely  and 
legitdmately  used  by  brewers,  sometimes  contains  a  considerable 
amount  of  chlorides.  If  samples  are  found,  occasionally,  -with 
more  than  a  trace  of  chloride,  it  is  becsuse  the  sugar  itself  has 
been  prepared  for  the  brewers  ;  nor  can  there  be  any  difference 

*'0p.  eU. 

fit  ia  pouibla  for  arsenic  to  be  fbnnd  in  beera  manufactured  from  glacoae, 
(br  in  certain  kinds  of  the  latter  araeoic  is  occaiionslly  discovered,  uie  sub- 
■tanoe  probably  having  been  introduced  by  the  use  of  an  arvenical  sulphuric 
acid  in  the  proceu  of  manufacture.  The  darker  in  colour  the  glucose,  the 
more  likely  u  it  to  be  arsenical ;  thus,  M.  Eitter  found— 

In  White  Glocoae,  0  fllOO  arsenic  per  kilognunrae. 

„  YeUow     „  0-0170     „ 

„  BUck        „  0-1094      „ 

Olonet,  va  the  examination  of  a  very  large  number  of  srsemcal  glncoaea, 
itaad  aa  a  minimum  0-0025  {^rm.,  as  a  maximum  0-0070  zrm.,  and  as  a  mean 
OHOBl   gna.    metallic  anemc  wr  ViVona-miab.      <7.  Clouet,   Du  glucose 
l£    Jwi.  (fifv(riineP»d^Uqu^*a.,5*a-,\«^%.^ 
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whether  the  brewer  adds  the  salt  as  salt^  or  first  mixes  it  with 
sugar.  However,  analytical  proof  of  sufficient  chlorides  naiuraUtf 
present  in  concrete  sugar,  to  raise  the  salt  in  beer  made  from 
ordinary  materials  to  over  50  grains  per  gallon,  is  wanting ;  and 
all  the  evidence  in  its  favour  has  been  derived  from  loose  state* 
ments. 
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§  275.  Changes  taking  place  in  Wine  through  Age. — Berthelot  * 
has  nmde  several  analyses  of  wines  100  and  45  years  old  respec- 
tively, which  are  interesting  as  contributing  to  more  accurate 
knowledge  regarding  the  efiTect  of  age  upon  wine.  The  wines 
were  both  samples  of  Port.  The  one  100  years  old  had  a  large 
deposit  of  colouring-matter,  and  was  yellow  ;  the  colour  of  the 
second  sample  was  dark,  but  yet  lighter  than  that  of  new  wine. 
The  results  of  the  analyses  are  as  follows  : — 

Port  wine.        Port  wins, 
100  years  old.    45  years  old. 

Specific  gravity, 988  -991 

Total  residue  at  100** 3*36  5*30 

Sugars,  reducing, 1*25  3 '15 

Sugars,  after  the  action  of  dilute  acid,      .  1*29  3*68 

Acid,  calculated  as  tartaric  acid,               .  5*17  5*46 

Tartaric  ether, Ill  1*17 

Cream  of  tartar, '27  '42 

Glycerine, 160  16*1 

The  analyses  of  the  deposits  gave  the  following  results : — 

Wini9  Wine 

100  years  old.    45  yMirs  old. 

Sugar,  reducing, 1'25  3*15 

Cane-sugar, *04  *53 

Pure  acids, '51  '62 

Acids  as  ethers,         .....  *27  "28 

Cream  of  tartar -03  *04 

2  10  4*62 

Glycerine, 1*16  -98 

It  would  then  seem  that  there  is  a  gradual  deposit  of  the 
colouring-matter,  and  that  some  of  the  sugar  has  disappeared 
from  the  old  wine,  which  gives  a  smaller  residue.  Cane-sugar 
is  practically  absent  in  the  sample  100  years  old,  a  fact  which 
Berthelot  interprets  as  confirmatory  of  his  observation  of  the  slow 
invertive  action  of  organic  acids  on  cane-sugar.  From  the  quan- 
tities of  tartaric  acid  existing  as  ethers,  and  the  same  amount  of 
acids  in  new  wine,  it  would  appear  that  the  wine  loses  about  a 
quarter  of  its  acidity  by  etherification.  The  experiments  of 
Macagno  may  also  be  here  cited,  from  which  it  appears  that  in 
wines  of  the  same  class  the  tannin  deci*eases  through  age,  while 
the  glycerine  increases. 

The  Tablet  on  pp.  440,  441  gives  examples  of  the  quantities 
found  of  the  chief  ingredients  of  wine. 

*  Comptes  Rendus,  88,  1879,  626. 

t  Drawn  up  by  Dr.  Dnprd.     Proceedings  of  Sodein  oj  PvJjUfe  A.'wjX'ii^* 
I,  1876,  p.  77. 
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1-06 

0-58 

0-76 

0-60 

0-32 

0-132 

0-230 

0-362 

0-360 

100-5 

18-SS 

0-12 

1-70 

0-07 

0-78 

0-85 

030 

0-199 

0-239 

0-438 

0-468 

95-7 

20'60 

112 

1-45 

0-14 

0-46 

0-85 

0-3S 

0  225 

0-239 

0-464 

0493 

94-3 

21-40 

4  31 

2-08 

066 

0-95 

0-48 

0-33 

0-155 

0-197 

0-352 

0-476 

74-0 

24-33 

2-04 

2-25 

0-66 

1-05 

0-55 

030 

0-186 

0-248 

0-430 

0-581 

74-6 

1800 

0-95 

2-00 

0-38 

0-09 

0-63 

030 

0-166 

0-216 

0-382 

0-420 

88-8 

20-S5 

1-47 

1-85 

0-41 

0-91 

0-53 

0-35 

0-151 

0-3S8 

0-509 

0-656 

77-6 

18-20 

0-61 

1-75 

0-14 

0-81 

0-80 

0-25 

0-186 

0-271 

0457 

0-613 

74-6 

18-13 

0-24 

1-88 

0-12 

0-90 

0-S5 

0-25 

0-162 

0'273 

0-435 

0-596 

73-0 

25-30 

2-00 

2-25 

007 

1-18 

100 

0-25 

0-224  '  0-214 

0-438 

0-690 

63-6 

24-42 

1-12 

3-05  '  0-41 

201 

0-62 

025 

0-384  1  0-179 

0-563 

0-707 

79-6 

25-50 

3-64 

375 

0-21 

2-49 

105 

0-45 

0-245 

1-207 

0-453 

0-530 

65-1 

42-00 

25-65 

4-50 

0-07 

3-63 

080 

0-13 

0-206 

0-21G 

0-422 

0-C39 

66-1 

53-50 

29-70 

5-50 

0-18 

4-41 

0-95 

025 

0-290 

0391 

0-681 

0.749 

90-8 

56-44 

35-10 

5-13 

0-O7 

4-18 

0-88 

0-13 

0-262 

0-469 

0-731 

0-722 

1012 

43-47 

20  80 

3-90 

0-27 

2-52 

110 

0-42 

0-305 

0-382 

0-687 

0-774 

88-7 

45-41 

lti-29 

3-59 

0-17 

1-93 

1-49 

0-50 

0-460 

0-773 

1-233 

1-207 

102-1 

75-57 

43-31 

2-48 

0-48 

1-34 

0-G5 

0-35 

O-302 

0128 

0-430 

0-620 

69-4 

53-90 

22-84 

2-58 

0-66 

1-37 

0-55 

0-33 

0-351 

0-220 

0-571 

0-697 

84-9 

31-01 

10-10 

2-10 

0-69 

0-86 

0-45 

0-33 

0-283 

0-331 

0-614 

0-595 

103-2 

49-83 

32-40    2  25 

0-21 

1-54 

0-50 

018 

0-256 

0-189 

0-445 

0-447 

09-3 

57-48 
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1-92 

0-65 
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H2  FOODS  :  TUEin   OOMPOSITIOK   ASD  A5ALT8IS,  [§  276. 

5  276.  AdviUriUiong  of  Wine. — The  adulterations  of  wine 
bought  at  a  fair  price  from  respectable  tirina  do  not  appear 
numerous ;  but,  on  tlie  otiior  hand,  low-priced  wines  (eapeeially 
Huch  as  aro  retailed  to  the  poor,  and  are  supplied  to  workhouses) 
are  often  of  extremely  bad  quality,  and  sometimes  entiri'iy  ficti- 
tious,* Thus  Porta  are  fortified  witli  brandy,  coloured  fay 
various  ingredieatS|t  plastered  with  gypsum  and  miKed  with 
inferior  wines ;  salt  of  tartar  and  mnanthic  ether  are  oflea  added 
to  give  an  appearance  of  age,  alum  to  increase  the  briili&acy  of 
hue  ;  and  occasionally  (as  an  impurity,  or  as  an  unintentional 
adulterant)  lead  and  otlier  metals  are  detected.  Sherries,  again, 
are  plastered  and  fortified  to  a  considerable  extent,  and  Clarets, 
Madeira,  and  Champagnes  are  all  subject  to  somewhat  sioiilar 
sophistications. 

§  277.     Annlytii  of  Witu. — A  complete  analysis  of  wine  eoi^ 
braces  the  following  : —  ^H 

1.  Determination  of  alcohol.  ^^ 

2.  Percentage  of  solid  residue. 

*  Dr.  A.  Cameron  has  fonnd  in  Port  wins  aapplied  to  IriBh  workhonsB 
12  per  cent,  of  golid  residae.  one-half  of  which  was  composed  of  grspe  sugar. 
Accordinj;  to  Haamea^,  the  Ruuiau  military  phanaaoopieia  contunaj  the 
foUowiag  receipt  for  making  a  Port  wine  : — Cider,  3  kilogrms. ;  kino,  -OOS 
kilogrm. ;  Old  Hock,  with  cider,  3  kilogrms. ;  brandy,  1  kilogrm. ;  oitano 
«ther,  alcohoUsed,  -DOS. 

t  Oeropiga. — The  useof  geropit^ain  the  manafactnre  of  Port  wines  mgagnd 
mDch  the  attention  of  the  Exc'ine,  in  IM9,  and  has  preserved  for  ni  soiiie 
interestini;  correspondence.  There  is  extaat  a  letter  from  Coasul  Johnstone 
to  Lord  PalmeratoD,  in  which  the  Consul,  writing  from  Oporto,  statea 
that  every  pipe  of  geropiga  contains  about  3a  imperial  gallons  of  brandy ; 
the  other  ingredients  bem;  caloacing  and  Ewoetening  matl«rs,  and  nnlor- 
mented  ^nipe  jaice.  Ha  also  gives  it  as  bis  oiiioiao,  that  geropiga  waa 
used  to  give  to  wines  the  appearance  of  possessing  qnalities  which  they  bad 
not,  and  of  concealing  the  bad  qualities  which  they  had.  The  absolota 
alcohol  of  the  geropiga  was  about  35  per  cent.,  but  the  qnahties  and 
otreugth  varied  mncb.  It  appears  to  have  been  a  coarse  liquenr  made  with 
most,  brandy,  and  elder-bornea.  From  the  same  correspondence  we  are 
enabled  to  trace  the  evil  inQueoce  of  the  profesBioDal  "  taaters,"  of  whom 
there  were  twelve  in  Oporto,  where,  agreeably  to  the  law,  "  the  biala  rf 
wine  lasted  seven  hours  daily."  The  tasters  for  about  six  consecutive  bonn 
were  busily  engaged  in  tastinE  promiscuously  all  sorts  of  wine— sweet  and 
dry,  light,  full,  stroogly  alcoholised,  or  the  revene — each  of  them  tiring 
from  150  to  300  samples  in  the  six  hours.  It  was  from  the  verdicts  of  then 
men  that  the  wines  were  arranged  according  to  their  quality.  Natarallf 
enough,  their  jaded  palates  were  quite  iocapable  of  appreciating  the  fitter 
qoabties  and  delicate  shades  of  difference,  and  it  need  cause  no  anrpriae  to 
Bad  tha  Consul  remarking  that  "in  the  Doaro  this  practioe  iminsii— 
extensive  sophistications,  mi  ^eaAi  te  ^^  i^ioAoMiii^m^i:^  isfioni  winM  of 
^Mi  dirtrict 
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.    3.  Estimation  of  succinic  acid  and  glycerine. 

4.  „  volatile  and  fixed  acids. 

5.  ,,  ethers. 

6-  ,,  sugar. 

7-  ,,  albuminous  matters  and  ammonia. 
8<              „  tannin. 

9.  Examination  of  the  colouring-matters. 
10.  Estimation  and  analysis  of  ash. 

1.  Alcohol, — Wines,  in  regard  to  their  alcoholic  content,  may 
be  divided  into  two  classes — viz.,  natural  wines,  the  strength  of 
which  has  not  been  increased  by  the  addition  of  spirit;  and 

fortified  wines,  such  as  those  of  Spain  and  Portugal,  which 
absolutely  require  the  addition  of  a  certain  amount  of  spirit  to 
preserve  them.  Natural  wines  contain  as  a  minimum  6  per 
cent.,  and  as  a  maximum  a  little  over  12  per  cent,  of  absolute 
alcohol  by  weight.  The  percentage  of  alcohol  in  fortified  wines 
depends,  of  course,  entirely  on  the  operator;  it  appears  to  range 
usually  from  12  to  22  per  cent,  by  weight.  The  alcohc^  is  re- 
turned as  ethylic,  but  there  are  always  traces  of  the  higher 
homologous  alcohols — e.g.,  propylic,  butylic,  and  amylic.  If  the 
analyst  desires  to  estimate  the  different  proportions  of  these,  a 
large  quantity  of  wine  must  be  distilled,  the  distillate  redistilled 
in  fractions,  and  ultimately  oxidised  into  the  corresponding  acids, 
the  latter  being  more  easily  separated  than  the  alcohols.  The 
method  of  determining  the  alcohol  in  wine  difiers  in  no  essential 
feature  from  the  processes  described  at  p.  378. 

2.  TJie  Solid  Residue. — The  dry  extract  from  pure  natural 
wines  is  from  1*5  to  3  per  cent.;  the  presence  of  sugar  in 
fortified  wines  may  raise  the  extract  to  6*8  or  10  per  cent  The 
solid  residue  may  be  taken  by  simply  evaporating  10  cc.  to 
dryness,  which  can  be  done  rapidly,  without  any  decomposition 
of  the  solids,  by  using  a  large  fiat  platinum  dish,  and  thus 
spreading  the  10  cc.  out  in  a  thin  layer.  This  method  is, 
however,  somewhat  inconvenient,  and  causes  a  loss  of  glycerine; 
therefore,  the  indirect  process  for  beer,  given  at  p.  415,  may  be 
employed  instead,  wine  extract  being  considered  equal  in  density 
to  malt  extract.*     But  in  wines  containing  much  ash  (since  the 

*  A.  Gautier  {Annales  d^Hygikne  PvJbUque,  t.  zlviL,  118,  1877)  has  reoom- 
mended  in  all  cases  the  evaporation  of  5  oc.  of  wine  on  a  watch-glass,  in  a 
vacuum,  without  the  application  of  artificial  heat.  This  method  takes  from 
two  to  six  days,  according  to  the  temperatare,  for  completion,  so  that  it  is 
scarcely  applicable  for  technical  purposes;  but  it  is  evident  that  a  heat  o€ 
30**,  whilst  greatly  expediting  the  process,  wo^i^l  \ii  tlo  ^vj  yck^wx  S^s^> 
accuracy. 
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Specilic  gravity  ofile-ak 
FerccDla^  of  extract  i 
Pereeattga  of  ash  foni 


Spedfio  grivi^  of  do-alo 
Perccntige  of  extract 
Ubl^  p.  416),      . 


H.  Hager,*  after  evapon 
the  wine  to  its  original  va 
tbe  amount  of  extract  fton 
on  his  own  ozperiments,  an 
table  p.  416. 

The  extract  and  amount 
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TABLE  XLV. 


Per  cent  of 

Spedflo 
gravity,  16<*-0 

Per  cent  of 

Spedflo 

Per  cent  of 

Specific 
gra^ty,  Ift'-O 

Extract 

Extract 

gravity,  15«-9 

Extract 

0-50 

10022 

5-26 

1-0239 

10-00 

1-0461 

0-76 

10034 

5-50 

1-0251 

10-25 

1-0473 

1-00 

10046 

6-76 

1-0263 

10-50 

1-0485 

1-26 

10057 

600 

10274 

10-75 

1*0496 

1-50 

1-0068 

6-25 

1-0286 

11-00 

1-0508 

1-75 

1-0079 

6-50 

1-0298 

11-26 

1-0520 

2  00 

10091 

6-75 

1-0309 

11-60 

1-0532 

2-26 

10102 

700 

1-0321 

11-76 

1-0544 

2-50 

10114 

7-25 

1-0332 

12-00 

1-0565 

2-75 

1-0125 

7-50 

1-0343 

12-25 

1-0567 

3  00 

10137 

7-76 

1'0356 

12-50 

10579 

3-25 

1-0148 

8-00 

1-0367 

12-75 

1-0691 

3-50 

10160 

8-25 

10378 

13  00 

1-0603 

3-75 

1-0171 

8-50 

1-0390 

13-25 

1-0614 

4-00 

1-0183 

8-75 

1-0402 

13  50 

1-0626 

4-25 

1-0194 

9-00 

10414 

13-76 

1-0638 

4-60 

1-0205 

9-26 

1-0426 

14-00 

1-0651 

4-75 

1-0216 

9-50 

1-0437 

14-25 

1-0663 

5-00 

10228 

9-75 

1-0449 

[N.B.  The  specific  gravity  increases  or  diminishes  -00024  for  each  degree.] 

amount  of  genuine  wine  present  in  any  samples.     Thus,  suppos- 
ing the  extract  in  a  Bordeaux  wine  to  be  14*5,  then 


1000x14-6 


=x,  or  725-00 


20-9 

i,e.,  the  litre  contains  725  cc.  of  wine,  the  rest  being  alcohol  and 
water.  To  know  the  quantity  of  alcohol  added,  it  is  necessary  to 
ascertain  how  much  the  72-5  parts  of  wine  contain  of  absolute 
alcohol; 

10  :  10  :  :  72-50  :  x 

x=7*25. 

If  the  absolute  alcohol  is  found,  for  example,  to  be  0-11,  then, 
subtracting  7*25  from  11,  it  is  supposed  that  3-75  of  alcohol  has 
been  added. 

That  this  process,  as  applied  to  the  Bordeaux  wines,  is  in  the 
main  correct,  is  supported  by  the  fact  that  the  Eouen  wine-mer- 
chants have  frequently  paid  duty  on  the  exce&%  oi  ^^^\\sA<t  ^^.^ 
which  Oir&rdin  and  Pressier  found  in  tYievc  ^vnn^^ 
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§  278,  3.  EHimatim  of  Svecinu:  Add  and  C/ycMriHe.  — Half  « 
litre  to  a.  litre  of  wine  is  decolourised  vrith  animal  cltftivoa), 
filtered,  and  the  charcoal  well  witsbed  with  w&ter;  the  filtrate 
and  WBBhiogB  are  thea  evaporated  down  in  the  vnter-bath,  and 
the  drying  finished  in  a  vacuum.  The  residue,  wfaea  dry,  b 
treated  with  a  mixture  of  one  part  of  strong  ikkohol  and  3J 
parts  of  rectified  ether.  The  latter  is  driven  off  by  floating  the 
dish  in  warm  water,  and  the  whole  evapoi-atod  again  oa  &  water- 
hath.  The  residue  is  now  neutralised  with  lime-water,  which 
combines  with  the  succinic  acid,  and  forms  succinate  of  calcinm. 
The  glycerine  is  dissolved  out  by  alcohol  and  ether,  and  weighed 
either  directly  or  by  loss.  The  succinate  of  calcium  remaining 
behind  IB  impure,  and  should  be  well  washed  witli  spirit  before 
weighing.  Every  100  parta  of  calcic  succinate  equals  75-61  of 
succinic  acid  (H^CtHjO^);  and  since  Fasteor  has  shown  that 
112-8  parts  of  grape  sugKr  (107  of  cane)  yield  about  3'6  of 
glycerine  and  0-6  part  of  succinic  acid,  it  follows  that  in  a 
natural  wine  the  };lycerine  would  amount  to  about  one-fourteenth 
part  of  the  alcohol  present. 

Keichardt  recommends  the  following  process: — To  100  cc  of 
wine  (decolourised  by  animal  charcoal,  should  it  be  a  red  wine), 
5  grms.  of  freshly  slaked  lime  are  added,  and  evaporated  to' 
dryness.  The  residtie  is  powdered  and  exhausted  by  digestion 
for  a  few  hours  with  30  cc.  of  absolute  alcohol,  or  7  cc.  ether,  and 
23  alcohol  of  90°.  The  liquid  is  filtered  and  evaporated  to 
dryness  under  100°  in  a  tared  dish,  and  the  product  weighed. 

Ebnig*  combines  Pasteur  and  Beichardt's  processes,  that  is,  he 
recommends  the  evaporation  with  burnt  lime,  and  extracts  with 
100  parts  of  90  per  cent,  alcohol,  and  150  parts  of  ether; 
evaporates  the  ether-alcohol  off  at  from  40°  to  50°,  and  weigha 

Stierlint  evaporates  the  liquid  without  any  addition  to  one-fifth 
or  one-sixth  of  its  volume,  extracts  with  hot  absolute  alcohol,  and 
nses  this  alcoholic  extract  for  the  estimation  of  the  sugar,  non- 
volatile aoida,  bitter  matters,  alkaloids,  and  glycerine.  For  the 
estimation  of  the  last,  a  measured  portion  of  the  alcoholic  extract 
is  freed  from  alcohol  by  evaporation,  and  then  evaporated  down 
to  dryness  with  slight  excess  of  cauytic  lime.  The  glycerine  is 
extracted  with  ether  alcohol  and  ether  (2 : 3),  or  with  alcohol  and 
chloroform.  (See  also  the  process  for  extracting  glycerine  from 
beer,  p.  125.) 

Baynaud  has  pointed   out   that   although  the    pro«esKs  in 

'Ktaift    "TiMbinftn>ib4n'Stbnnn..n.  G«nii«siiutt«l-Lehre."    NIM- 
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use  for  the  estimation  of  glycerine  are  fairly  exact,  jet  with 
plastered  wines  too  high  results  are  obtained  ;  for  if  there  is  any 
considerable  amount  of  sulphate  of  potash,  it  is  decomposed  by 
lime,  and  hydrate  of  potash  is  formed,  which  is  dissolved  by 
glycerine  in  the  presence  of  alcohol,  and  is  weighed  with  it.  H© 
therefore  recommends  the  following  process : — The  liquid  operated 
upon  is  evaporated  to  about  one- fifth  of  its  volume,  and  the  potash 
precipitated  by  hydrofluorsilicic  acid  and  filtered.  The  filtrate  is 
made  weakly  alkaline  by  the  addition  of  hydrate  of  baryta;  sand 
is  also  added,  and  the  mass  is  evaporated  to  dryness  in  a  vacuum  ; 
the  dry  residue  is  then  extracted  with  a  very  large  volume  of 
absolute  alcohol  and  ether,  as  much  as  300  cc.  for  250  cc.  of  wine 
being  recommended.  With  the  improved  processes  of  extraction 
which  we  now  possess,  however,  this  is  quite  unnecessary,  and 
50  to  100  cc.  in  a  Soxhlet's  apparatus  (see  p.  67)  will  have  quite 
the  same  effect  as  a  much  larger  quantity.  On  the  evaporation  of 
the  alcohol  and  ether,  the  glycerine  is  allowed  to  stand  for  twenty- 
four  hours  in  a  vacuum  over  phosphoric  anhydride ;  finally,  it  is 
put  into  a  tube,  a  perfect  vacuum  formed,  and  distilled  into  the 
cool  part  of  the  tube  by  a  temperature  of  180**. 

Lallien*  has  proposed  the  volumetric  determination  of  glycerine 
by  titration  with  chameleon,  but  Liebermannt  has  examined  both 
Griessmayer  and  Lallien's  processes,  and  they  appear  to  be 
untrustworthy,  for  the  most  part  giving  results  too  low.  It  is 
evident  that  a  careful  determination  of  the  glycerine  in  a  natural 
wine,  and  its  proportion  to  the  alcohol  present,  combined  with 
the  percentage  of  dry  extract,  will  greatly  help  to  solve  the 
question  as  to  whether  water  has,  or  has  not,  been  added. 

§  279.  4.  Acids  in  Wine, — All  wines  possess  an  acid  reaction^ 
due  to  acids,  which  are  conveniently  divided  into  volatile  and  fixed. 
The  volatile  acid  of  sound  wine,  according  to  Pasteur,  never 
exceeds  2  to  3  decigrms.  per  litre ;  in  wines  a  little  deteriorated 
much  higher  values  may  be  found.  Dr.  Dupr6  puts  the  amount 
of  volatile  acid,  expressed  in  terms  of  acetic  acid,  as  0*3  to  0*6 
per  cent,  by  weight  in  volume.  About  one-fourth  of  the  total 
acidity  in  white  natural  wines  should  be  due  to  volatile  acids^ 
and  in  red  and  fortified  wines  the  volatile  shoidd  not  amount  to 
more  than  about  one-third  of  the  total  acidity.  The  non-volatile 
acids  appear  to  be  chiefly  malic  and  tartaric  (sometimes  part  of 
the  tartaric  being  replaced  by  succinic) ;  the  former,  according  to 
Dupr^,  predominating  in  pure  natural  wines,  and  largely  so  in 

♦  Bull  Soc.  Chim.,  xxxiiL  259. 

t  LiebermanD  :  "  Ueber  die  Methoden  von  Oriessmayer  tx.  '^csck.'US^^isi^Tsx. 
Bestimmung   von    Glycerin   in    Bier.**      YerhandluiiQea   dt*  Yctw^  •»« 
Bejorderung  des  Oewerbjkisses,  1880L 
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fortified  Kquora  ;  whilst  in  plastered  winea  it  is  often  preaent  to 
the  total  exclusion  of  tartaric  acid. 

In  artiiicial  wines,  it  is  common  enough  to  find  a  considerable 
amonnt  of  free  ttirtaric  acid ;  but  the  mere  detection  of  free 
tarturic  acid  is  not  enough  to  prove  adulteration,  since  this  is 
found  in  siimll  qimntity  in  many  natural  wines.  If,  howerer, 
with  a  small  amount  of  free  acid  there  is  a  preponderance  of 
tartaric  acid,  then  sophistication  may  bo  suspected.  It  has  been 
suggested  that  such  free  acid  may  be  recovered  from  the  wine 
by  agitation  with  ether,  but  J.  Nessler,  in  a  direct  experiment, 
could  only  recover  3-93  per  cent,  of  the  free  tartaric  acid  present 
when  the  wine  was  directly  treated  with  ether ;  25  per  cent,  when 
the  wine  was  evaiwmted  to  a  syrup.  He  recommends  the  fol- 
lowing procefisea  : — 

The  wine  is  agitated  with  tartar  and  divided  into  two  parts,  to 
one  of  which  a  few  drops  of  concentrated  acetate  of  potosaitua 
solution  is  added,  and  the  mixture  carefully  observed,  noticing 
whether  any  tartar  crystals  form.  Errors  are  avoided  by  compar- 
ing the  one  portioii  to  which  a  few  drops  of  the  potassium  acetate 
hag  been  added,  with  the  other  portion  to  which  no  acetate  has  been 
added,  the  separation  of  the  tartar  crystals  being  a  proof  of  free 
tartaric  acid  in  the  wine.  Free  sulphuric  acid  may  be  detected 
by  means  of  the  quinine  test  described  in  the  article  on  Vinegwr. 

A.  strip  of  filter  paper  ateeped  for  several  hours  in  wine,  and 
then  dried,  is  brittle  if  either  acid -potassium -sulphate,  or  fne 
sulphuric  acid  is  ]iresent. 

The  principal  volatile  acid  is  acetic,  but  it  is  always  accompanied 
by  formic,  propionic,  butyric,  and  other  members  of  the  same  series. 
The  general  method  of  estimation  is  to  take  from  10  to  20  cc.  of 
the  wine  suitably  diluted,  and  titrate  with  d.  n.  soda,  using 
tincture  of  logwood  as  an  indicator,  the  result  being  the  lokU 
aciditi/.  On  now  evaporating  the  wine  on  the  water-bath  to  a 
syrupy  extract,  diluting  and  again  titrating,  the  loss  of  acidity 
corresponds  to  the  volatile  acid,  the  latter  being  expressed  in  terms 
of  acetic  acid,  the  non-volatile  as  tartaric  acid.  L.  Weigert*  has 
shown  that  by  distilling  in  a  vacuum,  the  whole  of  the  acetic 
acid  can  be  obtained ;  40  or  50  cc.  of  the  wine  are  in  this  vay 
boiled  to  dryness,  water  added  to  the  dry  residue,  and  the 
process  thrice  repeated. 

A  very  different  and  highly  ingenious  method  of  diagnosing 
And  estiuiating  volatile  acids  has  been  proposed  by  E.  Duclaux. 
As  this  is  applicable  not  to  wines  alone,  but  also  to  beers,  sonr 
milk,  and  in  fact  to  all  liquids  developing  acids  of  the  acetic 
(MZifls,  it  wiUW  deactiXi«4«.\.\«n^ 
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§  280.  JEstimcUion  of  Volatile  Acids  by  the  MeUiod  ofE.  Dudaux. 
— The  process  depends  upon  the  regularity  with  which  the 
different  volatile  acids  distil.  If  in  a  retort  of  from  250  to  300 
CO.  be  introduced  110  cc.  of  a  mixture  of  acetic  acid  and  water, 
and  100  cc.  (that  is  \^)  be  distilled,  the  quantity  of  acid  which 
has  come  over  is  found  to  be  80  per  cent,  of  the  whole,  or  very 
nearly  so.  Further,  if  the  100  ca  be  successively  titrated,  in 
every  10  cc.  the  successive  numbers  thus  obtained  (indicating  the 
proportion  of  acid  passing  in  these  equal  volumes)  are  the  same, 
whatever  m  ay  be  the  quantity  of  acid  operated  upon,  provided 
the  acid  is  pure ;  but  it  varies  very  aenaibly  should  were  exist  even 
feeble  traces  of  the  faMy  adds.  It  is  then  sufficient  to  study  the 
course  of  the  distillation  of  the  acids  in  order  to  know  their 
nature.  In  a  general  way,  foreign  matters  exercise  only  a  slight 
influence;  but  it  is  always  best  to  eliminate  them  as  far  as  possible 
by  operating  on  a  first  or  second  distillation. 

For  the  titration,  M.  Duclaux  uses  lime-water  standardised  by 
sulphuric  acid.  The  size  of  the  retort  does  not  exercise  the  great 
influence  which  might  be  expected ;  but  it  is  well  to  use  one  of 
about  300  cc.  capacity,  for  the  experimeiibs  on  which  the  tables 
are  founded  were  conducted  in  retorts  which  varied  from  between 
250  to  350  cc.  The  slight  diflerence  in  the  results  from  a  retort 
of  800  cc,  as  compared  with  one  of  300  ca,  may  be  gathered  from 
the  following  table,  which  represents  the  distillation  of  110  cc.  of 
a  dilute  acetic  acid. 

The  two  series  of  numbers,  A  and  B,  are  obtained  by  titrating 
each  10  ca,  until  100  cc.  have  come  over;  the  acetic  acid  in  the 
A  series  being  worked  out  in  percentage  of  the  whole  acid  found 
in  the  entire  distillate,  and  that  in  the  B  series  in  the  quantity  of 
acid  existing  in  the  retort. 

Estimation  of  Acetic  Acid. 

Retort  of  800  cc.  Retort  of  300  cc. 

A.  B.  A.  B. 


1.  , 

72 

6-5 

7-4 

5-9 

2. 

14-7 

11-2 

15-3 

12-2 

3. 

22-7 

16-9 

23-5 

18-7 

4.     . 

.    31-2 

23-7 

321 

25-6 

6.     . 

.    40-2 

30-6 

41*2 

32-9 

6. 

.     49-9 

32-9 

50-9 

40-6 

7. 

60-2 

45-8 

61-3 

48-9 

8. 

71-9 

54-7 

72-5 

57-9 

9.     . 

.     85-3 

64*8 

85-2 

67-9 

10.     . 

.  100-0 

75-9 

100-0 

79-8 

It  would  appear  that  the  quantity  oi  ^^caA.  ^"Vj^-Ocl  -^^^^sMRa* 
at  a  given  moment,  is   proportionaY  to  \Sck»Ai  ^\!AS^  ots^^  "^si. 
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that  Bftme  moment  in  the  heated  liquid ;  and  when  tbe  quantities 
of  wator  diatilled  increase  in  an  arithmeticiil  progreasioa,  tbe 
quantities  of  acid  increase  in  a  geometrical  progi-esaion. 

Let  y  be  the  quantity  of  acid  existing  at  any  moment  in  tbe 
Tolume  A  of  the  liquid  remaining  in  the  retort;  the  quantity  of 
acid  di/,  which  will  volatilise  with  tbe  volume  d)>  of  the  liquid 
will  be  evidently  first  proportional  to  d*  and  then  to  y.     Thus — 

whence  may  bo  ednced  jcBlling  jf  tbe  total  weight  of  acid  exist- 
ing at  the  commencement  in  the  volume  L  of  the  liqui 


/j-nf-/^=-K(L-») 


ginng 


:/  =  Ye 


z(L-;i) 


iquid),       m 


Let  a  be  called  tbe  quantity  Y  -  ^  of  acid  which  distils  when 
isa  been  removed  from  the  liquid;  then  wc  have 


a  (bund,     a 

calculftted. 

.        .         5-9 

5-2 

2.        .       12-2 

12-2 

3.                18-8 

187 

*.         .      25-6 

25-4 

5.         .       32-9 

32-7 

a  found. 

ncalcnUtad. 

.       40-5 

40-5 

487 

487 

.      67-9 

B7-8 

677 

66-6 

79-8 

7fi3 

10. 


Butyric  acid  obeys  the  same  law;  but  it  lias  a  method  of  dis- 
tillation in  some  sense  inverse  to  that  of  acetic  acid,  and  passes 
in  greater  abundance  in  the  first  poi-tions.  The  following  table 
gives  the  experimental  and  the  calculated  numbers  found  in 
oifltilliiig  &  mixture  of  butyric  acid  and  water,  in  the  manner 
befon  described. 

fiiroiula  iox  calcttla-twii.  \a — 
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147-5(1 -.:i5l?y) 


A. 


1. 

16-8 

2. 

31-9 

3. 

45-4 

4. 

57-7 

5. 

67-9 

G. 

77-2 

7. 

850 

8. 

91-4 

9. 

96-4 

10. 

100-0 

B. 

161 
31  1 
44-3 
561 
66-2 
75-3 
82-9 
89-2 
940 
97-5 


Bcalcnlatedi 

16-8 
31-4 
44*4 
55-8 
661 
75  1 
83-2 
90-3 
96-6 
102-4 


It  is  thus  seen  that  the  numbers  are  very  different  from  those 
of  acetic  acid,  and  that  nearly  the  whole  of  the  acid  is  obtained. 
Propionic  acid, — Formula  for  calculation — 


m=357(l- 

-e 

-0-0 

33A 

11 

) 

A. 

B. 

B  calculated. 

I. 

11-3 

10-5 

10-8 

2. 

22-8 

21-1 

21*4 

3.        *.        '. 

34  0 

31-5 

.315 

4. 

44-6 

41-4 

41-4 

5. 

55-3 

51-3 

61  1 

G. 

65-4 

60-6 

60-3 

74-7 

69-5 

69-3 

8. 

84-0 

78-0 

78-0 

9. 

92-5 

85-8 

86-5 

10. 

100-0 

92-8 

95-3 

Valerianic  Add,— 

R 

B. 

1. 

24-5 

6. 

85-7 

2. 

44-5 

7. 

89-7 

3. 

59-5 

8. 

92-8 

4. 

71-3 

9. 

95-4 

6. 

79-5 

10. 

96-9 

Formic  Acid. — 

/= 

30-2 

(  0-1194/      \ 

A. 

B. 

Bcalcolated* 

1. 

5-5 

35 

3-6 

2. 

11-9 

7-6 

7-3 

3. 

18-5 

11-8 

11^ 

4. 

25-7 

16-3 

16-3 

5. 

340 

21-6 

21-6 

6. 

43-1 

27-3 

27-6 

7. 

631 

33-7 

34*1 

8. 

65-2 

41-4 

^•'Sl 

9. 

79-8 

50'T 

v^n 

10, 

100-0 

S^-5 

ti"^*^ 
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Passing  from  the  single  acids  to  the  behaviour  of  mixetl  rola- 
tile  acids,  it  is  found  that  each  acid  distils  in  the  s&me  proportioQ 
as  if  it  esisted  individually  in  tLe  liquid.  Thus  Duclaiiz  found 
a  mixture  of  equivalent  quantities  of  bntyric  and  acetic  acids 
boliave  aa  follows; — 


127 


SG-S 
66-7 
74  5 


A  mixture  of  2  of  butyric  to  1  of  acetic  t 
gavo  the  following  series ; — 


B  caJcalBtctL 


41-6 

50-5 
5S-9 
67D 


I 


lid,  when  distilled, 


S. 


3-1 


36-2 

36-9 

46-4 

461 

55-5 

56S 

63-9 

63-9 

71-7 

71-8 

78-7 

791 

86-2 

85 -6 

91-6 

92-0 

100-0 

Hence  it  follows,  that  it  is  possible  to  obtain  from  fracttooal 
distillation  a  knowledge  of  the  nature  and  quantity  of  the  volatile 
acids  existing  in  the  liquid.  Theoretically,  ten  different  equa- 
tions might  be  educed,  and  ten  volatile  acids  determined  ;  but 
in  practice  this  is  not  possible  ;  and  should  there  be  even  three 
volatile  acids,  it  is  better  to  make  a  new  distillation  after  a  partial 
saturation,  which  will  almost  completely  arrest  one  of  the  a^ds, 
and  let  only  two  pass  into  the  receiver. 

As  an  example  of  the  method  of  calculation,  the  following 
table  gives  the  results  of  the  distillation  of  a  certain  wine,  A  and 
B  Jiaving  the  same  signiGcation  as  before  :- 


1. 


9-6 


M. 


.       .        19-2 

17  3 

28-S 

26  0 

38^ 

347 

48-2 

43« 

67-9 

62-2 

<fia 

fiV-l 

.       Tl-ft 

nii-1 

W'5 

n*^ 

\WJ-0 

ws-i 

K. 
3-2 
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From  the  B  series  there  should  be  acetic  acid  mixed  with 
either  propionic  or  butyric  acids.  In  order  to  know  which  of 
the  two  is  present,  a  double  calculation  is  necessary.  Turning 
to  the  tables  giving  the  numbers  obtained  for  the  fust  10  cc.  in 
the  distillation  of  pure  acetic  and  pure  propionic  acids  (pp.  450 
and  451),  we  find  for  the  former  5'2^  for  the  latter  10*5 ;  then, 
by  the  following  equation,  the  numbers  in  the  column  M  are 
obtained — 

S'6x  +  y  =  5-2a;  +  10-5y 


y 

X 


=  1-2 


y 


Analogous  calculations  give  for  -  the  series  of  numbers  con- 

X 

tained  in  N,  if  butyric  acid  is  thought  to  be  present ;  it  now 
becomes  evident,  that  the  mixture  was  formed  of  equivalent 
parts  of  acetic  and  propionic  acid.  In  order,  however,  to  avoid 
long  calculations,  it  is  better  to  make  tables  of  reference  with 
various  mixtures,  so  that  in  most  experiments  the  quantities  will 
fall  somewhere  near  those  given  in  the  tables,  and  at  all  events 
be  a  guide.  In  the  following  tables  A  and  B  have  the  same 
signification  as  before,  and  110  cc.  are  supposed  to  be  distilled  in 
the  manner  described,  in  a  retort  of  about  300  cc.  capacity  : — 


TABLE  XLVI.— MiXTUKEs  of  Acetic  Acid  (a)  akd  Pbopionic 

Acid  (m). 


y 

Hi 

rooDs ;  TH 

1 

EIB 

COMPOBITIOS   AHD  AUALTSIB. 

■ 

[§a8ft 

Bi 

■o 

■ 

:^! 

* 

^ 

K 

^ 

l£ 

K 

][S 

St 

s 

1 

4 

o 

ra 

„ 

la 

s; 

s 

s 

3 

E 

s 

SE 

§ 

fin 

Id 

eo 

_ 

f 

■«■ 

o 

o. 

"^ 

9* 

SIS  • 

ii 

^ 

u 

■a 

S 

% 

•i 

SfJ 

s 

bi 

R 

S 

s 

^ 

1 

m 

„ 

P5 

.., 

N 

» 

ES 

3 

s 

ff 

£ 

S 

a 

■< 

'^ 

lo 

<?> 

-r 

n 

^ 

« 

_ 

1 

s 

S3 

3 

s 

s 

SI 

s 

a 

8 

CD 

'T: 

fa 

„ 

.^ 

.1 

« 

g 

b;o 

m 

s 

s 

5 

Si 

£ 

iS 

£ 

^ 

T> 

^ 

-r 

S 

■< 

f 

^ 

« 

„ 

„ 

„ 

z 

w 

s 

K 

^ 

S 

3 

K 

El 

m 

ir> 

„ 

in 

m 

.n 

n 

I     "■ 

ca 

s 

s 

S 

5 

E 

S 

E: 

s 

B 

=1- 

„ 

03 

<^ 

a 

II 

Bi 

s 

K 

3 

K 

K 

^fi 

fS 

■^ 

S!S( 

1 

■  u 

L  ^ 

3 

Ec 

!; 

S 

a; 

K 

^ 

8 

^ 

„ 

¥> 

Sl- 

B|-> 

Bf 

1^ 

i^ 

3 

SJ 

S 

K 

■d 

„ 

„ 

<n 

g 

^ 

^ 

3 

3 

3 

R 

^ 

S 

« 

^ 

1 

a 

J-7 

S 

W 

S 

S 

s 

fTlr   ■ 

?i 

S3 

Si 

S 

S 

P 

s 

s 

\-- 

;      cA      -=%      ■*      * 

.   ./. 

\ 

'  t 
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TABLE  XLVIII.— Mixtures  of  Acetic  Acid  (a),  ob  of  Buttbio 
Acid  (6),  with  Valerianic  Acid  (v). 


a      £93      A 
V      118      1 

a      296      5 

5^291^6 

A. 

B. 

A. 

B. 

A 

R 

1.   .    .  ,    111 

9  1 

16*3 

14-3 

20-6 

20-0 

2.     . 

.  1      20-8 

17-2 

30-3 

26-5 

38-3 

37-0 

3.     . 

.  ;      30-5 

25-1 

42-4 

37-0 

52^ 

51-0 

4.     . 

.  '     39-9 

32-8 

52-5 

45-9 

64*6 

62*4 

5. 

.  1      48-9 

40*3 

61*3 

53-6 

74-6 

71-9 

6. 

.  1      57-9 

47-7 

69-3 

60-5 

821 

79-3 

7.    . 

67-2 

65-4 

76-6 

66-9 

88-2 

85-2 

8. 

77-0 

63-4 

84-0 

73-4 

93*2 

90-0 

9.     . 

87-5 

72-2 

91-6 

80-0 

96-9 

93-3 

10. 

1000 

82-4 

100-0 

87-4 

100-0 

96*8 

TABLE  XLIX.  —Mixtures  of  Acetic  Acid  (a)  with  FoRiac  Acid  (/). 


a  _593_2 
/      298       1 

a      296      1 
/       W3      1 

a      896      1 

A. 

B. 

A. 

a 

A 

B. 

1.  .    . 

6-6 

4-9 

6-1 

4*3 

6-0 

4*1 

z    , 

,           ., 

140 

10-4 

13-5 

9-6 

13-2 

9*2 

3. 

221 

16*3 

21-1 

14-8 

20*6 

14*8 

4.    . 

30-2 

22-3 

28-9 

20-3 

28-6 

19*9 

5.     , 

391 

28« 

37-8 

26-6 

371 

26*7 

6. 

48-6 

35-9 

43-8 

33*0 

464 

32-2 

7. 

59-2 

43-8 

67*2 

40-3 

56-5 

39-3 

8.    . 

70-6 

52-3 

68-9 

48-5 

68*4 

47*5 

9. 

83-8 

620 

82-7 

58-2 

81*9 

56*9 

10. 

100-0 

74-0 

100-0 

70-4 

100*0 

694 

It  now  only  remains  to  apply  the  preceding  principles  to  the 
examination  of  wines.  275,  or  550,  or  825  ca,  aooording  as  the 
wine  is  more  or  less  rich  in  alcohol,  is  agitated  strongly  (or  a 
current  of  air  passed  through  the  liquid),  in  order  to  free  it  from 
carbonic  acid  gas.  It  is  next  distilled  to  ten-el^'^^x^lG^  ^^ 
drawn  through  the  apparatus,  and  the  3AatV!i\«iXje\*\\»T^^ft^'^'^^^!^^s^^ 
water,    A  alight  excess  of  lime-water  \a  xiexVi  %Ai\ft^^  ^^sA.  ^^^ 
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liquid  ia  concentrated  by  evaporation  to  aboat  250  cc,  io  order 
to  get  rid  of  tbe  alcohol ;  1  grm.  of  glycerine  is  now  added,  aoA' 
sufficient  tartaric  acid  to  put  the  fatty  acids  at  liberty.  ' 

The  tartrate  of  lime  is  allowed  to  crystalHae,  and  the  liquid 
decanted  and  made  iip  Tith  the  -washing  water  to  27.')  cc.,  hSUr  \ 
having  added  sufficient  tartaric  acid  to  ensure  that  on  compledoa 
of  the  distillation,  the  residue  will  be  nearly  as  acid  as  at  the 
end  of  the  first  operation — 1  grm.  of  tartaric  acid  per  litre  anffices 
for  this.  The  liquid  is  now  distilled  anew  to  ten-el  even  tbfl,  and 
the  whole  distillate  titrated  ;  the  relation  between  the  quantity 
of  lime-water  neceBsarj'  now,  and  that  of  the  first  Eaturation, 
will  serve  to  show  the  quantity  of  volatile  acid  existing  in  the 
wine  in  question. 

This  new  liquid  ia  aubmitted  to  the  same  operations  as  before, 
adding  nothing  save  the  quantity  of  tartaric  acid  exactly 
necessary.  The  acid  liquid  ia  made  up  to  16S  oc,  of  which  104 
cc.  are  distilled  over,  50  cc.  out  of  the  150  cc  are  titrated,  the 
remaining  100  ore  made  up  to  110  cc.  with  water,  and  eubuiitted 
to  friiotion^d  Jistillntion,  titrating  evciy  10  cc.  of  \h:-  tlistillaU-. 
The  numbers  found  will  conduct  directly,  by  a  simple  calculation, 
to  tbe  knowledge  of  the  quantity  and  nature  of  the  volatile  atndi 
in  the  wine.  Thus,  taking  a  wine,  the  results  of  the  distillation 
of  which  are  given  in  a  tabular  form  at  p.  452 : — 

275  CO.  of  this  wine  were  diatilled  to  250  oc. ;  these  250  cc  re- 
quired for  neutralisation  316  cc.  of  lime-water  of  30'6  [t.e.,  30'6  cc. 
=  0-075  acid  acetic] ;  the  second  distillation  has  given  83-2  per  cent 
of  the  acid  employed.    Hence,  for  275  cc 

100 
316cc.  X =  379  cc.  of  lime-water. 


The  third  and  last  distillation  showed  in  the  liquid  equal  parts 
of  acetic  and  propionic  acids ;  the  proportions  in  which  these  adds 
pass  over  are,  as  has  been  shown,  |g  ;  hence  the  third  and  laat 
distillate  will  contain  51-2  per  cent,  of  the  total  acetic  acid  present 
in  the  wine,  and  80'4  per  cent,  of  the  total  propionic  acid,  -fri' 
in  equivalents  100  to  637  propionic  acid,  or  |^,  therefore  ^4^  of 
379  cc  or  231  cc  was  neutralised  by  acetic  acid,  and  tbe 
remainder  by  propionic 

In  order  to  discover,  by  this  method,  valerianic  acid,  -which, 
it  would  appear,  exists  in  many  sound  wines  (in  aboat  the 
jnt>portion  of  6  mgrma.  per  litre),  it  is  necessary  to  distil  a  oon- 
■t'^arabla  quantity  tX.  -wina,  ^"ai  fti«ti  W  w^totnA*.  Osa  distillate 
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Talerianic  acid  pass  almost  alone  into  the  receiver.  For 
instance,  7*7  litres  of  the  wine  alluded  to  before  (p.  452)  were 
distilled,  and  10  grms.  of  lime  salts  obtained ;  sulphuric  add  was 
added,  representing  nearly  one-fortieth  of  the  lime  salt,  and  then 
the  partially-decomposed  salt  distilled,  when  the  following  numbers 
were  obtained : — 


A. 


1. 

.     10*5 

2.     . 

.     20-5 

3. 

.     29-3 

4. 

.    381 

6.     . 

.     46-8 

6.     . 

.     55-6 

7.    . 

.     64-8 

8.     . 

.     76-2 

9.     . 

.     86-6 

10.     . 

.  100-0 

B. 

8-7 
16-9 
24-1 
31-4 
38-6 
45*9 
53-4 
62-0 
71-4 
82-4 


a 

V 

6-1 
61 
6-8 
6-9 
7-2 
7-6 
7-4 
7-6 
6-6 
60 


The  numbers  in  the  columns  A  and  B  correspond  in  no  way 
to  mixtures  of  acetic  acid  with  butyric  or  propionia  With 
valerianic  acid,  on  the  contrary,  there  is  a  relation  constant 
enough,  as  the  fourth  column  shows,  the  slight  irregularities 
arising  probably  from  a  trace  of  butyric  acid. 

§  281.  Estimation  of  Tartaric  Acid  and  Bitartrate  of  Potash. — 
This  is  best  estimated  by  the  method  suggested  by  Berthelot : — 
20  cc.  of  wine  are  mixed  with  100  cc.  of  equal  volumes  of  alcohol 
and  ether  in  a  well-stoppered  flask.  The  same  process  is  employed 
to  another  20  cc,  but  with  the  addition  of  potash  in  sufficient 
quantity  to  neutralise  about  one-fifth  of  the  free  acid  present. 
Both  bottles  are  allowed  to  stand  two  or  three  days,  and  at  the 
end  of  the  time,  owing  to  the  insolubility  of  bitartrate  of 
potash  in  strong  alcohol,  there  will  be  a  deposit  of  that  salt  in 
both  bottles.  The  first  will  represent  the  bitartrate  of  potash 
present  as  such ;  the  second,  the  whole  of  the  tartaric  acid  which 
the  wine  contains.  There  is,  however,  always  a  small  quantity  of 
bitartrate  in  solution,  about  -004  grm.,  equalling  '21  d.  n.  soda, 
and  this  amount  must  be  added  to  that  found.  The  precipitates 
from  both  bottles  are  collected  on  separate  filters,  washed  with 
the  alcohol-ether  mixture,  dissolved  in  water,  and  titrated  with 
soda  solution. 

Direct  Estimation  of  Malic  Acid. — 100  cc.  of  wine  are  precipi- 
tated with  lime-water,  added  only  in  slight  excess ;  the  filtrate 
is  evaporated  down  to  one-half,  and  absolute  alcohol  added  in 
excess ;  the  resulting  precipitate,  conaiBtAii^  oi  isii^aiXA  vsA  ^k^- 
phate  of  lime,  is  then  collected  on  a  filter,  'WBk!^^^,  vsA  ^^v^^^- 
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If,  now,  the  sulphate  of  lima  in  this  sample  be  eBtiiDBted  by 
solution  in  water,  and  precipitation  of  the  sulphvric  acid  bjr 
bario  chloride,  &c.,  and  the  amount  subtracted  from  the  totu 
■weight  of  the  precipitate,  the  remainder  equals  malate  of 
iime. 

5,  EsCimalion  of  Ethen  in  W\m. — The  compound  ethers  in  wine 
may  be  divided  into  volatile  and  non-volatile.  It  ia  especially 
the  volatile  ethers  that  impart  a  character  to  the  wine,  and  give 
it  bouquet  and  odour.  The  proportion  of  volatile  to  fixed  ethers 
is  very  small  iu  unfortified  winea,  but  the  reverse  is  the  case 
with  fortified  wines.  The  total  amount  of  ethers  is  extremely 
small ;  Dr.  Dupr^  gives  about  one  part  of  compound  ether  in  30O 
parts  of  wine  as  the  highest  pro]>ortion  he  has  yet  met  with.  The 
ethers  themselves  are,  of  course,  derived  from  conversion  of 
the  alcohols,  the  ultimate  amount  depending  entirely  on  the 
relative  projwrtion  of  alcohols,  acid,  and  water  present,  and 
not  being  dependent  on  the  nalwre  of  the  alcohols  or  acids. 
If,  ss  aotuetimcs  happens,  an  excess  of  coiujwund  ether  is 
added  to  a  wine,  decomiiositiDn  will  at  once  begin,  until 
ultimately  the  wine  will  contain  no  more  than  it  would  other- 
wise have  reached  in  the  natural  order  of  things.  An  esti- 
mation of  the  ethers  is,  therefore,  of  the  greatest  possible  import- 
ance, as  it  enables  the  analyst  to  Judge  of  the  age,  character,  &A., 
of  the  wine. 

Berthelot  has  given  the  following  formula  for  the  calculation 
of  the  amount  of  alcohol  present  in  the  compound  ethen  of 

5  =  1-17  A  +  2-8 

'^~  lUO 

A  is  the  percentage  of  alcoliol  by  weight  in  the  wine;  a  the 
amount  of  alcohol  equivalent  to  the  total  free  acid  (reckoned 
as  acetic)  contained  in  1  litre.  It  hence  follows  that  if  the 
amount  of  alcohol  present  as  ether,  found  by  experiment,  fairly 
^rees  with  the  calculated  amount,  etherification  is  com- 
plete, and  the  wine  must  be  of  a  certain  age ;  if  the  compound 
ethers  exceed  the  proper  amount,  the  probability  ia  that 
it  is  an  artificial  wine ;  and,  lastly,  if  the  amount  of  ethen  ii 
below  the  theoretical  standard,  either  etherification  is  not 
complete,  on  account  of  its  youth,  or  alcohol  has  been  recently 
added. 

Dr.  Dnpif,  taVLmg  eAvMi^^jb  (A  'One^i.tii.'Cti^'i.^.VV  ethers  (when 
itod  witli  an  aAkaWj  \)Te»^s.  m?  VtAo  "Cam  t«w;*(i««%  ■»£&.  ^isA. 
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alcohol,  indirectly  estimates  both  the  volatile  and  non-volatile 
ethers  as  follows : — 

250  cc.  of  wine  are  distilled,  with  special  precautions  against 
loss,  until  200  cc.  have  come  over ;  the  distillate  is  now  made  up 
to  250  cc,  and  100  cc.  of  this  titrated.  Another  100  cc.  are 
decomposed  by  alkali  (a  known  amount),  and  again  titrated. 
The  second  100  cc.  will,  of  course,  be  more  acid  than  the  first, 
and  therefore  the  amount  of  volatile  ether  can  be  estimated  from 
such  increase.  The  fixed  ether  is  determined  by  evaporating 
down  to  50  or  60  cc.  in  an  open  dish  on  the  water-bath ;  the 
residue,  which,  of  course,  contains  no  alcohol,  is  rendered  alkaline 
with  sodium  hydrate,  some  tannin  added,  and  the  whole  slowly 
distilled ;  the  fixed  ether  present  is  resolved  into  an  acid  and  an 
alcohol,  and  the  latter  distilled  over ;  the  distillate  is  rendered 
slightly  acid  by  sulphuric  acid,  redistilled,  and  the  second  dis- 
tillate (which  may  amount  to  20  or  25  cc.)  oxidised  into  acetic 
acid  in  a  closed  fiask  by  potassic  bichromate ;  the  acetic  acid  is 
distilled  over  and  titrated. 

6.  Tlie  Estimation  of  Sugar  in  Wine  is  carried  out  on  the  prin- 
ciples described  at  p,  113  e^  aeq. 

7.  Albuminoid  Substances, — The  albuminoid  substances  in  wine 
may  be  estimated  by  Mr.  Wanklyn's  well-known  ammonia 
process: — 5  cc  of  the  wine  are  put  in  a  half-litre  flask,  and 
made  up  with  water  to  500  cc. :  j^  (i.e,,  5  cc)  of  this  is  distilled 
with  a  little  water  and  pure  carbonate  of  soda  (ammonia  free\ 
and  the  ammonia  in  the  distillate  estimated  by  the  colorimetnc 
process  known  as  Nesslerising.  An  alkaline  solution  of  per- 
manganate of  potash  is  then  added,  and  the  operation  repeated— 
the  ammonia  coming  over  now  being  the  result  of  the  breaking- 
up  of  albuminoid  bodies.  It  would  appear  that  in  white  wines, 
the  albuminous  matters  are  very  small  in  amount ;  while  in  redf 
and  most  young  wines,  there  is  an  excess  of  albuminous  matters, 
which  decreases  with  age ;  hence,  in  experienced  hands,  a  deter- 
mination of  this  kind  may  help  to  distinguish  between  old  and 
new. 

Thudichum  and  Duprd  found  in  certain  wines  the  following 
amounts  of  ammonia  : — 


Ammonia  free. 

Ammonia  albd. 

Per  cent. 

Per  cent. 

Tnc^elheimer,  red,   . 

0-0051 

0-3730 

Port,  1851,     . 

0-0046 

0-0888 

Sherry,  30  years  in  hottle. 

00073 

01807 

Madeira, 

0-0021 

0-1581 

Merstemer,    . 

0-0021 

<^^»l^ 

Natural  Port, 

O-iWl^ 

^•^«a\ 

Port,  1865,     . 

0-OOY^ 

Vi-V\^ 
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8.  The  tannin  of  vine  may  be  estimated  by  the  methods 
described  at  p.  332  el  gcj. 

§  282.  9.  EilimeUUm  of  Out  ColouringmaUer  qf  Fine.— The 
coloimng-TOatter  of  red  winea  h&s  been  termed  eenolin,  or 
cenoci/anin,  and  has  also  received  other  names.  Gleu&rd  baa 
assigned  to  it  the  formula  CjgllinOj;  but  it  is  doubtful  whether 
it  has  ever  yet  been  separates  in  a  state  of  absolute  purity. 
The  process  used  by  Olenard  was — precipitation  with  lead 
acetate,  exhaustion  of  the  washed,  dried,  and  powdered  precipi- 
tate, first,  with  anhydrous  ether  saturated  with  HCl,  then  with 
pure  ether;  and,  lastly,  extraction  with  alcohol,  from  which  the 
o!nolin  was  obtained  by  evajioration  as  a  bluish-black  powder 
insoluble  in  ether,  almost  insoluble  in  pure  water,  but  more 
readily  dissolved  in  acidulated  water,  acidulated  alcohol  dis- 
solving it  easily.  The  blue  colour  is  ttimed  red  by  acid. 
CEnolin,  according  to  Taseriae,*  may  be  separated  from  wine 
by  mixing  the  latter  with  lime  to  the  consistency  of  a  paste, 
wLicli  is  dnuneil  on  a  fnnnel.  The,  residue,  containing  the 
colouring- mutter,  is  mixed  witli  alcohol  of  'Jo  ym-  cfiit,,  and 
treated  with  sufficient  sulphuric  acid  to  neutralise  the  lime  and 
decompose  the  compound  of  lime  with  the  colouring- matter. 
The  solution  is  filtered  from  calcium  sulphate,  and  on  evaporation 
leaves  cenoJin  as  a  black  powder.  Solutions  of  cenolin  show, 
when  examined  by  the  spectroscope,  certain  bands,  and  the 
application  of  this  instrument  to  the  investigation  of  wines  is 
indispensable.  In  no  case,  however,  should  the  analyst  trust 
entirely  to  descriptions  or  plates;  the  only  safe  course  is  to 
have  in  readiness  tinctures  of  colouring- matters  of  different 
strength  and  different  ages,  as  well  aa  samples  of  wine  artificially 
colonred. 

The  colour  of  white  wines  is  due  to  oxidised  tannin;  it  takes 
long  to  develop;  hence  the  manufacturer  not  unfirequently  adds 
a  little  caramel.  Should  this  be  the  only  addition,  it  would  be 
injudicious  to  consider  the  wine  adulterated. 

The  artificial  colouring  of  wines  by  elder-berry,  It^wood, 
cochineal,  aniline,  kc,i  is  said  to  exist,  at  all  events,  on  the 

•  Bttlt.  Soe.  Chim.  [2],  nii.  109,  110. 

+  Soabeinm  lajs;  "At  Flnnet,  in  the  ndghbonrhood  of  lUieiiiiB,  there 
hai  been  mano&ctnred  focmore  than  a  centnry  (gioce  1741)  a  colouring 

rit  composed  of  elder-berriea,  alam,  and  water,  in  different  proportiooe, 
prolonged  nse  of  which  can  only  have  injariona  conieqneDces  on  the 
hsalth,  on  acconnt  of  the  alam.  Unfortonatelv,  the  prodnction  of  thia 
oolbnriiig  annt  tteinte^  itaa  Gnooara^tA^i-j  >.T<i^il  decree  of  1781.  .  .  . 
*"  ■     Q^VMI  have  shown  ttllfc  ftiw  liip«UT  At  Fwmu  ««Aiiaii  Sjjsbl  M'8 

».perlitreoI»laa>-— "T^i'^-^"'"^'^™''^™*^^'™^"    ■^«»>>»,^ 
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Continent;  and  it  is  a  fact  that  a  few  home-made,  low-priced, 
wines,  almost  entirely  fictitious,  are  passed  off  by  the  aid  of 
the  same  or  similar  substances;  but  with  regard  to  the  ordinary- 
foreign  wines  in  English  commerce,  fchere  is  no  reliable  evidence 
whatever  that  any  adulteration  of  this  kind  has  been  practised. 
Nevertheless,  it  is  absolutely  necessary  to  be  acquainted  with 
the  best  and  most  recent  methods  for  the  discovery  of  such 
frauds. 

Dr.  Dupr6,  tfiJcing  advantage  of  the  £Bict  that  the  colouring- 
matter  of  wine*  only  dialyses  to  a  minute  extent,  and  that 
the  colouring-matters  of  Bi'azil,  logwood  and  cochineal  readily 
dialyse,  separates  the  latter  colouring-matters  from  the  wine  by 
dialysis.  The  same  chemist  has  suggested  a  still  more  convenient 
and  practical  process — viz.,  the  staining  of  a  jelly.  The  jelly  is 
made  by  dissolving  5  grms.  of  gelatine  in  100  cc.  of  warm  water, 
and  pouring  the  solution  into  a  square  flat  mould  made  of  paper. 
From  this  cake  cubes  about  f  inch  square  are  cut  with  a  sharp 
wet  knife,  and  are  immersed  in  the  wine,  taken  out  after 
the  lapse  of  from  twenty-four  to  forty-eight  hours,  washed 
slightly,  and  sections  cut,  in  order  to  see  how  fieur  the  colouring 
principles  have  penetrated.  If  the  wine  is  pure,  the  colour  will 
be  confined  almost  entirely  to  the  edges  of  the  slice,  or  will  not 
have  penetrated  beyond  -^  to  |^  inch;  most  other  colouring- 
matters  rapidly  permeate  and  colour  the  jelly. 

(1.)  Colouring-matters  pene^ating  slowly  into  the  jelly: 

Colouring-matter  of  pure  wine. 

Rhatany  root. 


»  » 


(2.)  Colouring-matters  penetrcUing  rapidly  into  the  jelly: 


Kosaniline. 

Cochineal. 

Logwood. 

Brazil-wood. 

Indigo. 


Litmus. 
Ked  Cabbage. 
Beetroot. 
Malva  sylvestris, 
Althea  officinalis. 


The  jelly  may  be  examined  spectroscopically,  good  results 
being  obtained  in  the  case  of  rosaniline,  red  cabbage,  and  beet- 
root; and  may  be  also  tested  with  reagents — 0.^.,  dilute  ammonia 
dissolves  much  colour  from  the  slice,  if  the  colour  should  be 
derived  from   logwood   or  cochineal;  on  the   other  hai^d^  ^^^ 

*  The  coioaring-matter  of  Bhatany  toot  "haa  \Ai'ft  «w»ft  -^tss^w^* 
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atniDonia  remains  colourless  in  the  case  of  rosnniline,  red  cabbage 
and  beetroot. 

A  simple  method  for  the  detection  of  certain  colouring-matters 
is  that  of  Laramatine: — Shake  100  paits  of  the  wine  with  100 
of  coarsely-powdei-ed  peroxide  of  manganese,  and  then  pass 
through  a  double  filter;  if  pure,  a  colourless  filti-nte  will  result. 
The  process  is  said  to  answer  well  in  the  case  of  logwood  and 
cochineal,  but  to  fail  with  aniline. 

A  general  method,  applicable  to  fucaSiine  and  other  coloiiring- 
matters,  is  based  upon  the  fact  that  a  great  many  of  the  colour- 
ing-matters  which  may  be  used  for  purposes  of  wine  adulteration 
(sneh  as  caramels,  ammoniacal  cochineal,  sulphindigotic  acid, 
logwood,  and  the  lichen  reds),  are  precipitated  by  acetate  of 
lead;  whilst  fuchsine,  if  ]>resent  in  considerable  tjuantity,  is 
only  partially  thrown  down.  Those  which  are  not  precipi- 
tated may  be  separated  by  agitating  the  filtrate  with  amyl 
alcohol. 

The  lead  i>recipitate  may  bo  treated  by  dissulviny  out  cochi- 
neal, Bulphindigotic  acid,  and  fuchsine,  by  a  solution  of  potasuc 
carbonate  [2  :  100].  From  this  liquid  the  fuchsine  is  separated 
by  neutralisation  with  acetic  acid  and  agitation  with  amyl 
alcohol,  the  rose-coloured  liquid  obtained  being  identified  as  a 
solution  of  fuchsine  by  the  spectroscope.  On  now  acidifying 
the  liquid  with  sulphuric  acid,  the  carminamic  acid  from  the 
cochineal  is  removed  by  means  of  amyl  alcohol,  and  identified 
by  its  three  bands — viz.,  one  between  D  and  E  in  the  red,  the 
second  in  the  green,  and  the  third  in  the  blue.  The  indigo 
remaining  may  be  detected  by  the  blue  colour,  and  absorption- 
band  between  C  and  D.  The  original  lead- precipitate,  insoluble 
in  potassic  carbonate,  is  treated  with  a  two  per  cent,  solution  of 
potassium  sulphide,  which  dissolves  the  colouring- matter  of 
logwood  and  that  of  the  wine  itself.  Logwood  may,  however, 
be  tested  for  directly  in  the  wine  by  the  addition  of  calcium 
carbonate  and  two  or  three  drops  of  lime-water.  In  the  case 
of  a  natural  wine,  the  filtered  liquid  is  almost  colourless,  but 
is  of  a  fine  red  colour  if  logwood  is  present.  Lastly,  the  lichen 
red  may  be  obtained  by  washing  the  insoluble  portion  left  after 
treatment  with  potassium  sulphide,  and  dissolving  it  in  alcohol, 
when  a  red  colour  and  a  definite  absorption-band  reveal  its 
presence. 

For  the  detection  of  fuchsine  simply,  Bouillon  {CompUa  rendu*, 
JxxxiiL  856,  859)  recommends  half  a  litre  of  the  wine  to  be 
evaporated  down  Ui  \1>Q  ca.,  -ni-lb  the  addition  of  20  grms.  of 
hqrium  hydrate.    1^  «  ftieii.  KiWit^A,  wa^.  ■Oh^  'Ss.'OTii.'ja  -shaken  up 

th  ether;  the  ettieT  ^aae^-ro.'w^i^^i^'i^  ^"^  »Rfc'Cvi  *K&,^*.NesS9^ 
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water,  and  a  Boiall  piece  of  white  Bilk,  are  added,  and  (if  an 
appreciable  amount  of  fuchsine  is  present)  the  silk  assumes  a 
pink  colour  immediately;  if  not,  the  liquid  must  be  concentrated 
nearly  to  dryness. 

F.  Kiinig*  has  a  process  for  detecting  fucbsine:  50  cc  of  the 
wine  are  ti-eated  with  ammonia  in  sliffbt  excess,  and  boiled  with 
a  little  pure  wool  [a  grm.1,  until  all  the  alcohol  and  ammonia 
are  evaporated.  The  wool  is  washed  and  directly  moistened 
with  strong  potash,  and  heated  until  it  dissolves  into  a  more 
or  less  brown  fluid.  After  cooling,  to  this  is  added  half  its 
volume  of  pure  alcohol,  and  then  an  equal  volume  of  ether;  it 
is  strongly  shaken.  The  smallest  trace  of  fuchsine  ia  taken  up  by 
the  ether,  and  is  coloured  red  by  acetic  acid.  04  mgrm.  fuchsine 
in  a  litre  of  wine  ia  said  by  this  means  to  be  discovered  readily. 
The  process  destroys  the  natural  colour  of  the  wine. 

§  283.  Vogel  and  others  have   studied  the  detection  of  the 
colouring-matters  of  wine  by  means  of 
the  spectroscope. 

The  following  curves  are  examples 
of  various  colouring- mutters  (see  fig. 
45)  ;- 

No.    37.   Wine  colouring  -  matter,  I 
(I.)  pure,  (11.)  diluted. 

No.    38.    Wine    colouring  -  matter,  | 
with  ammonia, 

No.  30.  (I.)  Mallow  colouring- 
matter  concentrated,  (II.)  elderberry  '^' 

concentrated. 

No.  40.  Acid  cherry.  (6)  Acid  cherry  with  the  addition  of 
tannin. 

No.  41.  Mallow  colouring-matter  with  the  addition  of  alum. 

No.  42.  Indigo  solution. 

With  carefully  made  comparison  solutions,  there  can  be 
little  doubt  that  the  spectroscopical  method  of  identifying 
colouring-matters  will  be  found  of  great  value^ 

Lastly,  M.  A.  Gautiert  has  proposed  a  method  aiming  at  a 
systematic  detection  of  every  probable  colouring-matter  likely 
to  be  added  to  wine.  How  far  the  whole,  or  any  portion,  of  this 
elaborate  system  will  be  followed  and  confirmed  by  chemists 
remains  to  be  seen. 

The  following  abstract  of  M.  Qautier's  paper  ia  taken  from 
the  Analt/nl,  i.,  1877:— 
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§  284.  Preliminary  Preparation  of  (Ae  Sample.— The  wine  to 
be  examined  ia  mixed  with  one-tentli  its  volume  of  wliite-of-egg 
previously  diluted  n-ith  cue  and  &  half  times  its  bulk  of  water, 
well  shskeu,  and,  after  standing  fur  half  an  hour,  filtered.  If 
the  wine  is  very  poor  in  tannatea,  a  few  drops  of  a  fi'osh  aqueous 
solution  of  tannin  should  be  added  previous  to  the  agitation  with 
albumen.  The  filtrate  is  treated  with  dilute  sodium  bicarbonate 
until  its  reaction  is  very  feebly  acid.  All  the  reactions  of  Table 
B-  must  be  made  on  this  liquid,  exce]>t  those  for  indigo,  wbicb 
are  executed  upon  the  albnminoua  precipitate. 


Table  B. — systematic  pfiocEsa  to  be  pollowkd  foe  the  detsc- 

TION     OP    THE    NATURE    OF     FOBEIUH    COLOtiaiNO-MATTEU 
AltDED  TO  WIHES. 

A.  Having  placed  aside  the  filtrate  from  the  aibuniinous  pre- 
cipitate, the  precipitate  is  washed  uatU  the  washings  are  almoet 
colourless. 

Two  cases  may  present  themselves; — 

(a.)  The  precipitate  after  washing  remains  wine-coloured,  lilac, 
or  maroon ;  wijie,  natu/ra/,  or  adulterated  with  the  greater  pari  of 
the  substances  usualli/  employed.     Pass  on  to  C. 

{b.)  The  precipitate  is  of  a  very  deep  wine-colour,  violet-blue, 
or  bluish ;  wijies/rom  tlie  deepest  coloured  grapes,  or  wines  coloured 
loiih  indigo.     Proceed  to  £. 

B.  The  precipitate  is  washed  with  water,  then  with  alcohol  of 
25  per  cent.,  a  part  is  then  removed  and  boiled  with  alcohol  of 
85  per  cent, 

(a.)  The  filtrate  is  rose,  or  wine-oolouTed.  A  portion  of  the 
precipitate  is  removed  from  the  filter,  suspended  in  water,  and 
carefully  saturated  with  dilute  potassium  carbonate.  The  colour 
changes  to  bi-own  or  blackish-brown;  viatural  urines,  or  aduUeratai 
toith  substances  other  tlian  indigo.     Pass  to  C. 

(6.)  The  filtrate  is  blue.  A  portion  of  the  precipitate  bds- 
pended  in  water  and  treated  with  dilute  potassiutn  carbonate 
affords  a  deep  blue  liquid,  which  changes  to  yellow  by  an  excen 
of  the  reagent.      Various  preparatvmt  of  indigo.     Indigo. 

C.  2  cc  of  winft  are  treated  with  G  to  8  cc  of  a  -^^  aolation  <rf 
sodium  carbonate,  "w\ii.o^  mM-vX^i^  ^ieA.  \n.  Av;^t  exoeSB  (1  oc.) 
after  the  change  ot  coVqmx. 


T  Jiu 


E  in  ftdda- 
acetio  Mid. 


alu- 
f  2® 
Id. 


O. 

To  1  cc.  of  cUrlflad 
wine  Add  4  drom  of 
potMBiam  ftlmnmata 
(obtained  by  adding 
olom  to  a  solntion  of 
Alomina  in  potash.) 
Kilter  the  mixture. 


1    A 


L 


P. 

To  0-]  grm.  of  bariam 
binozide  add  ft  drope 
of  a  6  per  cent  80lu> 
tlon  of  tartaric  acid, 
and  then  8  oc.  of  clari- 
fied wine.  Examine 
the  colour  14  boon 
afterwards. 


J.  <«a.9    1/1/   Kjr, 


7,\ 
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(a.)  The  liquid  becomes  lilaCy  or  violel,  sometimes  the  liquid 
becomes  only  winey,  or  dashed  with  violet.  BrazU-wood,  cochineal, 
Portugal  berries, /uchsine  ....  unnes  of  certain  sorts,  Jreah 
beetroot,  logwood,  botJh  elders,  whortleberries  (myrtille),  Portugal 
berries.     Pass  to  D. 

(6.)  The  liquid  becomes  bluish-green,  sometimes  with  a  faint 
lilac  tint,  wine,  hollyhock,  privet,  whortleberries,  logtoood,  Portugal 
berries,  jfuchsine.     Pass  to  M. 

(c.)  The  liquid  becomes  greenish-yellow  without  any  blue  or 
violet,  beetroot  ^old  or  fermented  decoction),  whortleberries,  certain 
rare  varieties  of  wine.     Pass  to  L. 

D.  The  liquid  C.  (a.)  is  heated  to  boiling. 

(a.)  The  liquid  remains  wine-violet,  rose,  or  wine-lilac,  or 
becomes  a  brighter  lilac;  logwood,  BrazU-wood,  cochineal,  certain 
varieties  of  wine.     Pass  to  E. 

(6.)  The  colour  disappears,  or  changes  to  a  yellow,  or  maroon, 
or  reddish  tint,  wine,  ftushsine,  both  elders;  whortleberries,  Portugal 
berries,  fresh  beetroot.     Pass  to  F. 

E.  Treat  4  cc.  of  the  wine  with  2  cc.  of  each  of  a  10  per  cent, 
solution  of  alum,  and  a  10  per  cent,  solution  of  crystallised 
sodium  carbonate.     Filter. 

(a.)  Clear  yellowish-green  lake  (which  may  be  bluish  from 
mixtures  of  wines  containing  maroon),  filtrate  colourless,  becom- 
ing very  slightly  yellow  on  warming;  its  own  volume  of 
aluminium  acetate  at  2"^  B.  almost  wholly  decolourises  it.  On 
acidification  with  acetic  acid,  after  treatment  with  its  own 
volume  of  barium-hydrate  (saturated  solution),  the  wine  becomes 
clear  greenish-yellow  or  maroon,  pure  or  mixed  wines.  See 
Table  A. 

(6.)  Greenish-blue  lake,  or  dirty  yellowish-green,  according  to 
the  varieties  present,  sometimes  very  slightly  winey.  Filtrate 
bright-rose,  gradually  decolourised  on  warming,  though  retaining 
a  tinge  of  lilac;  not  decolourised  by  lime-water  in  the  cold. 
Cochineal. 

(c.)  Winey-violet  lake,  which  darkens  on  exposure  to  the  air. 
Filtrate  bottle-green,  or  grey  faintly  red  (if  much  logwood  is 
present).     The  filtrate  becomes  green  on  warming.     Logwood. 

((/.)  Lilac,  or  maroon-lilac  lake.  Filtrate  greyish  with  tint  of 
maroon.  On  boiling,  this  filtrate  becomes  fine  old-wine  coloured. 
Brazil-wood. 

F.  Treat  4  cc.  of  the  wine  with  alum  and  sodium  carbonate 
(as  explained  at  E.),  add  to  the  mixture  two  or  three  drops  of 
very  dilute  sodium  carbonate,  and  filter. 

(a.)  The  filtrate  is  lilac  or  winey,  Portugal  bwr^ts,  jT«iU'Vi««*'twA* 
Pass  to  G. 
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(6.)  The  filtrate  is  bottle-green,  or  reddish -grecD,  toine,  Juchmne, 
black  elder,  vJiortleierriei,  beetroot.     Pass  to  H. 

G.  Treat  3  cc  of  the  wine  with  siibacet&te  of  lead  solntioD,  of 
density  15"  B.     Shake.     Filter. 

(a. )  The  filti-ate  is  rose,  which  persists  even  -when  made  slightly 
alkuline  ;  it  slowly  disappears  on  boiling'.  Limo-watef  destroys 
the  rose  colonr.     Porti;ual  BERRres, ' 

(b.)  Tlio  filtrate  is  yellowish,  or  brownish-red.  Fresh  Beet- 
boot. 

H.  The  alum-lake  obtained  from  F.  (6.)  is — 

(o.)  Deep  blue.  On  trcAting  the  olanfied  wine  with  a  iev 
drops  of  aluminium  acetate  solution,  it  becomes  a  detuded  violet, 
or  wine  riolet.     Both  eideri.     Pass  to  I. 

(&.)  Bluish-green,  green,  or  faintly  rose-tinted,  irine  whortie' 
ierriee,  beetroot,  fuchsine.     Pass  to  J. 

I.  After  the  test  H.  (a.)  treat  a  fresh  quantity  of  2  cc.  irith 
1'5  to  2  cc.  (according  to  its  acidity  and  the  de)ith  of  its  colour) 
of  an  6  per  cent.  Holution  of  sodium  bicarbonate  charged  with 
carbonic  acid. 

(a.)  The  liquid  remains  lilac  for  a  moment,  then  diangea  to 
greenish-grey  blue.  Another  specimen  treated  with  Bodinm 
carbonate  (according  to  C),  and  heated  to  boiling,  becomes  dark 
greenish -grey.     Black  Elder. 

(6.)  The  liquid  retains  a  lilac  tint,  or  becomes  grey  vith 
mixture  of  maroon,  or  dirty  lilac.  Another  specimen  treated 
with  sodium  carbonate  (as  at  C.)  tends  to  discolour  on  heating, 
the  green  being  replaced  by  red.     Dwarf  Elder. 

J,  Treat  5  cc.  of  the  clarified  wine  with  a  slight  excess  of 
ammonia,  heat  to  boiling,  and  after  cooling  shake  with  10  cc.  of 
ether,  decant  and  evaporate  the  ether,  and  treat  the  residue  left 
on  evaporation  with  acetic  acid. 

(a.)  The  liquid  becomes  red.     Fuchsine. 

(6.)  The  liquid  does  not  become  red,  wine,  wkartleberriee,  JreA 
beetroot.     Pass  to  K. 

£.  Another  specimen  is  treated  according  to  C.  with  aodinm 
carbonate. 

(a.)  The  colour  darkens  or  becomes  red  on  heating,  vihortU- 
berriet,  fret^  beetroot.     Pass  to  L. 

(b.)  The  greenish  or  bluish-green  liquid,  possibly  having  a 
winey  tinge,  has  a  tendency  to  discolour  on  heating.  IftOunl 
t0tn«. 

L.  Treated  with  sodium  bicarbonate  according  to  the  rules 
giren  at  I. 

ta.\  Tlk«  liquid  is  deev  1?«'3i  <a^^^  ^Eccs^.'oiah,  green,  Bonu- 
ieu  ■with  TOTy  »&^^Vi«ftM«A. 
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The  clarified  wine,  treated  with  an  equal  volame  of  saturated 
baryta  water,  and  filtered  after  standing  for  fifteen  minutes,  gives 
a  dirtj  yellow,  or  slightly  greenish  filtrate. 

With  an  equal  volume  of  aluminium  acetate  of  2"*  B.  it  gives  a 
lilac  wine-coloured  filtrate. 

With  a  few  drops  of  aluminate  of  potash  no  change  of  colour. 
With  sodium  carbonate,  employed  as  at  C,  the  liquid  tends  to 
lose  its  colour  on  heating.  With  barium  peroxide,  used  accord- 
ing to  Table  A,  column  P,  the  liquid  is  fedntly  rose-tinted,  with  . 
or  without  an  orange-coloured  deposit  on  the  barium  peroxide. 
Natural  Wine. 

With  the  general  characters  above  indicated,  if  with  baryta 
water  it  affords  a  madeira-coloured  filtrate,  changing  to  buff  on 
acidulation  with  acetic  acid ;  if  with  borax  it  becomes  deep-green 
with  a  bluish  cast ;  if  with  alum  and  sodium  carbonate  (as  at  E) 
a  precipitate  falls  of  a  deep  bottle-green,  with  bluish  tinge,  and  if 
with  aluminium  acetate  it  remains  rose-coloured  with  no  change 
to  violet-blue.     Teinturier. 

(6.)  The  liquid  is  reddish-yellow  or  brown-lilaa  By  treat- 
ment with  acetate  of  alumina  the  filtrate  is  clear  lilaa  With  a 
few  drops  of  aluminate  of  potash  the  colour  becomes  that  of  the 
skin  of  an  onion,  and  with  a  larger  quantity  of  the  reagent  the 
colour  is  green,  tinged  with  maroon.  With  sodium  carbonate 
(employed  as  at  C.)  the  fluid  passes  to  yellowish  or  greyish-yellow, 
with  tinge  of  red.  With  barium  peroxide,  flesh-ooloured  liquid 
with  considerable  orange-coloured  deposit  in  contact  with  the 
peroxide.     Beetroot,  fermerUed  or  not 

(c.)  The  liquid  is  yellowish-grey,  with  tinge  of  green  or  red. 
With  baryta  water  the  filtrate  is  yellowish  olive-green.  With 
aluminium  acetate  the  filtrate  is  bluish-violet,  or  violet-lilaa 
With  aluminate  of  potash,  fresh  rose,  becoming  yellowish-green, 
with  an  excess  of  reagent.  With  sodium  carbonate  (as  at  0.)  the 
fluid  becomes  deep  grey  on  heating.  With  barium  peroxide  the 
fluid  is  bleached,  or  remains  but  very  slightly  roseate,  with  a 
trace  of  orange  deposit  in  contact  with  the  peroxide.  Whortle- 
berries. 

M.  The  mixture  of  wine  and  alkaline  carbonate  C.  (6.)  is  heated 
to  boiling. 

(a.)  The  mixture  becomes  lilac-violet,  or  violet.     Logwood. 

(6.)  The  mixture  tends  to  become  decolourised,  or  changes  to 
yellowish-green,  or  dark  green,  or  maroon  green,  naifwral  wines^ 
whortleberries,  both  elders,  privet^  Portugal  berriei^  fuchsme.  Pass 
toN. 

N.  Treat  the    wine    with    alum  aud  bo&xosl  c<^i^TA^<t  ^& 
directed  at  IE.,  and  Biter. 


(a.)  The  liquiil  roiii.iii 
botft  eUerii,  privel,  tr/tort/ei 

(b.)  Tho  fluid  Lfcome 
bluish-grey,  with  very  i 
berries,  hoUi/hoc&,Jiusheine 

P,  Treat  a  new  portioi 
directed  at  I.). 

(a.)  The  tint,  at  first  li 
brOTnish,  or  to  maroon, 
carbonate,  according  to  C 
clearer,  and  loses  its  gree 

The  lake  obtained  acco 
Eldbb. 

(b.)  Ths  specimen  rem 
green,  or  yellowish.  iSon 
tint,  which  almost  im' 
greenish-grey-blue,  whorll 

Q.  Treat  a  specimen  o: 
•oda  (as  directed  at  E.)> 
moments  throw  it  on  a  fil 

(a.)  The  lake  remainin 
filtrate  is  clear  bottle-gr 
carbonate  (as  at  C.)  dark< 
on  heating  to  boiling.     B 

(b.)  The  lake  is  clear  I 
bottle-green.    A  sample  t 

and  h(!ftt*(1  tn  twilinir   *«ha 
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S.  A  sample  is  treated  with  its  own  bulk  of  a  solution  of 
aluminium  acetate  of  2°  £. 

(a.)  The  colour  of  mixture  remains  winej,  natural  urines, 
wliorUeberriea ;  differentiate  between  them,  as  directed  at  L  (a), 
and  L  (c). 

(b.)  The  colour  of  the  mixture  becomes  violet-blue,  lidlyhockf 
whortleberries.     Pass  to  T. 

T.  A  specimen  is  treated  ivith  alum,  and  sodium  carbonate 
(as  at  EA  and  after  a  few  moments  filtered. 

(a.)  Toe  lake  is  clear  green,  slightly  bluish,  and  rose-tinted  ; 
filtrate  is  bottle-green,  with  little  maroon.  With  borax  (as  at 
O),  particularly  if  the  sample  has  been  concentrated,  the  liquid 
is  grey  with  trace  of  lilac.  2  ca  of  the  liquid  treated  with  3  cc. 
of  dilute  ammonia  (1  vol.  of  liq.  ammonia  with  10  vols,  of  water), 
and  the  mixture  diluted  with  its  own  bulk  of  water,  gives  a 
liquid  which  is  yellowish-grey,  greenish  or  greenish-grey.  The 
other  characteristics  as  at  L.    Whortleberries. 

(6.)  The  lake  is  green,  slightly  bluish,  quite  free  from  rose, 
filtrate  clear  bottle-green.  With  borax  the  liquid  is  greenish 
blue-grey.  With  ammonia  (as  above),  dark  bottle-green.  With 
aluminium  acetate  (as  at  S.), bluish-violet  coloration.  Hollyhock. 

Although  somew^hat  difficult,  this  systematic  method  serves 
for  the  discovery  of  several  colouring-matters  mixed  in  one  wine, 
if  the  indications  of  Tables  A.  and  B.  are  carefully  observed  and 
followed.  It  is  always  desirable  to  determine  the  presence  of 
fuchsine  by  the  special  reactions  given  further  on.  By  means 
of  Table  B.  the  presence  of  one  or  several  of  the  colouring- 
matters  may  be  detected ;  but  before  deciding,  it  is  as  well  to 
verify  by  repeating,  for  the  substances  so  found,  the  reactions  of 
Table  A.  on  the  sample  ;  and  also  the  more  special  characteristics 
given  further  on,  for  the  identification  of  those  substance& 

special  REACTIONS  FOR  THE  DETECTION  OF  CERTAIN  OF  THE 
COLOURING-MATTERS  MIXED  WITH  WINES. 

Brazil  Wood. — Even  a  very  strong  clarification  (two  or  three 
times  more  albumen  than  mentioned  at  the  head  of  Table  B.) 
does  not  wholly  decolourise  the  adulterated  wine.  It  becomes 
yellow-buff,  which  on  exposure  to  the  air  gradually  changes  to 
red.  If  a  wine  that  has  been  adulterated  with  Brazil-wood  is 
clarified,  and  then  a  skein  of  scoured  silk,  washed  with  dilute 
tartaric  acid,  be  soaked  in  it  for  twenty-four  hours,  and  then 
withdrawn,  washed,  and  dried  at  60**  to  70**,  the  silk  will  b^ 
found  to  be  dyed  lilac-maroon,  or  red.  In  "^^oa^  'woi'^  ^^  ^sssa^ 
remains  wine-coioured  or  lilac. 
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If  the  dyed  tiUc  W  now  dip{icd  tato  d!tat«  UBtnoiuA,  and 
heat«<l  to  100°  for  a  moment,  it  b«coai«ft  IQu>-red.  if  Bruil-wood 
irere  pivaent ;  but  deep  grey,  with  scftrcely  a  tinge  of  its  origiiud 
ooloor,  if  the  wine  were  pore.  If  the  ammoniA  b*  replaced  by 
lime-water,  lh»  hlcciu  ehiinges  to  ash-grey  if  Br&zil-wood  were 
present ;  hut  to  a  dark,  dirty -jellowiah-n-0,  if  the  wine  were 
pare.  Finally,  if  the  akein  t>e  dipped  into  aluminium  acetate, 
And  then  heated  to  100°,  it  retains  its  wine-red  lilac  colour. 
This  renctioQ  differentiates  Braxil-wood  from  logwood. 

Logtoood. — If  the  colour  due  to  logwood  is  in  exce«8  in  the 
wine,  ammonia  gives  it  a  abode  of  violet;  if  the  proportion  of 
logwood  ia  small,  the  reactions  B,  L,  N,  of  Table  A.,  which  are 
vi-ry  delicate,  should  be  tried. 

A  skein  of  silk,  prepared  in  the  manner  described  for  Braxil- 
wood,  and  treated  with  logwood,  becomes  dyed  lilac-red,  or 
maroon,  which  dilute  ammonia  changes  to  violet-blue  tinged  with 
grey,  and  which  by  acetate  of  aluminium  becomes  bluiah-violet 

Cochineal. — Tlie  lilac,  or  roseate  tiiita  due  to  tbo  reactioi^s 
A,  B,  H,  K,  of  Table  A.,  are  very  aensitire,  the  last  being  very 
Gluracteristic  ;  the  only  substance  likely  to  be  confounded  with 
.it  is  the  Phytolacca  f Portugal  berries),  which  i>  differ«ntut«d 
by  the  reaction  B,  of  the  same  table. 

A  akein  of  scoured  silk,  mordanted  with  aluminium  acetate 
soaked  in  the  clarified  wine  for  twenty  hours  is  dyed  of  a  wine 
violet  colour,  analogous  to  that  of  pure  wine,  on  being  dried  at 
100°.  The  colour  does  not  change,  even  at  100°,  oy  cnpric 
aoetate  (esclnsion  of  fuchsine) ;  but  if  the  skein  be  dipped  into  a 
dilate  solution  of  zinc  chloride,  heated  to  100°,  and  uen  wetted 
with  sodium  carbonate,  washed  with  water  and  dried,  the 
colour  beoomea  fine  purple,  whereas  with  pure  wine  the  tint 
would  remain  sombre  grey-lilac. 

Cochineal  may  be  discovered  by  the  spectroscope  if  present  in 
large  quantity,  but  if  it  amounts  to  only  about  13  per  cent,  of 
the  total  coloration,  it  cannot  be  so  detected.  It  rapidly 
separates  from  wines,  being  precipitated  in  the  lees. 

Fuehnn». — This  should  be  sought  for  in  all  wines  found  to  be 
-  adulterated  with  other  substances.  The  reaction  J  of  Tabla  R, 
p.  4S6,  is  very  sensitive.  Oreat  care  must  be  taken  to  avoid  loai 
of  rosaniline  from  im]>erfect  decomposition  of  its  salts  in  solntiou; 
moreover,  arsenic  should  always  be  sought  for  where  the  wine 
is  found  to  contain  any  aniUne.  FutSisine  rapidly  separatai 
from  the  wines  to  which  it  has  been  added.  A  akein  of  nlk 
'  beoomei  dyed  rose  by  soaking  in  a  wine  adulterated  with  Aushsine, 
"\d  iti  colour  i>aBsea  to  'je^o^  otl  ix«»,'<.\a.<n&  -vSji.^  M'^x^diloric 
bot  to  bright  red  W  tVa  Vvnt  -«»».  ^^r*.   "^V*.  *i.-^«&.  ^.iik. 
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treated  with  dilute  cupric  acetate,  and  dried  at  100^,  becomes 
fine  deep  rose-violet  if  fuchsine  is  present,  and  of  a  lilac  tinged 
with  ash-grey  if  the  wine  is  pure.  This  reaction  is  very 
sensitive. 

PhylokieccL — (Portugal  berries).  The  rose  or  lilac  colorations 
of  the  reactions  A,  G,  and  especially  0  of  Table  A.,  are  very 
sensitive. 

Hollyhock — {Althea  rosea),  much  used.  This  substance  imparts 
a  peculiar  flavour,  which  in  a  few  months  becomes  actually  dis- 
agreeable, while  the  colouring-matter  itself  rapidly  precipitates. 

Beetroot, — This  is  generally  employed  only  to  mask  other 
adulterants.  The  lilac  tint  of  reaction  C  of  Table  A.,  if  the 
beetroot  is  fresh,  and  the  yellowish  colours  due  to  alkalies 
(reactions  D,  E  and  F  of  Table  A.)  are  very  sensitive,  even 
with  old  decoctions. 

Bkbck  Elder,  Dwarf  Elder. — The  dwarf  elder  imparts  a  faint 
turpentine  odour  to  the  wines.  The  berries  of  both  varieties 
are  particularly  used  to  communicate  a  special  colour  and  flavour 
to  port  wine.  The  teinte  de  Fiemea,  which  is  largely  used  at 
Fismes,  Paris,  and  elsewhere,  is  made  by  digesting  250  to  500 
parts  of  elder-berries,  and  30  to  60  parts  of  alum,  with  800  to 
600  parts  of  water,  and  then  submitting  the  mixture  to  pressure. 
M.  Maumen6  reports  having  discovered  as  much  as  4  to  7  grms. 
of  alum  per  litre  in  wines  adulterated  with  this  substance. 
Sometimes  (though  rarely)  the  alum  is  replaced  by  tartaric  acid. 
Wines  adulterated  with  either  yield  a  violet-blue  lake  (reaction 
H,  Table  A).  By  comparison  with  pure  wine  the  difierence  is 
very  marked. 

A  piece  of  flannel,  or  skein  of  silk,  mordanted  with  aluminium 
acetate,  heated  for  some  time  in  the  suspected  wine,  then  washed, 
and  immersed  in  water  made  fiuntly  alkaline  with  ammonia, 
becomes  green  if  the  wine  is  pure,  but  dark  brown  if  black  elder 
is  present.  Probably  the  same  reaction  occurs  with  dwarf 
elder. 

Privet, — This  is  very  seldom  used.  The  general  reactions, 
particularly  N  and  P  of  Table  A.,  must  be  relied  on. 

Myrtille — (Whortleberries).  Very  seldom  used,  and  only  for 
the  commonest  wines.  The  principal  characteristics  are  given 
in  L  (c).  Table  B.,  p.  467.  In  wines  suspected  to  be  adulterated 
with  this  substance,  citric  acid  should  be  sought  for,  its  presence 
being  one  of  the  best  indications  of  the  adulteration. 

Indigo, — The  reactions  A  (6)  and  B  (h)  of  Table  B.,  p.  464,  are 
so  sensitive  that  they  are  alone  sufficient  to  characterise  indigo. 
Wool  or  silk  mordanted  with  aluminium  ac^tA.\i^)  \ij^»Xfc^  ^-^sia. 
20  to  40  cc.  of  the  suspected  wine  neaxVy  V>  ^r5TifiaA,^%3SasA.«s^ 
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With  regard  to  the  analysis  of  the  ash,  <Scc.,  see  p.  98  et  seq. 

§  286.  Prosecution  as  to  Unfermented  Wine, — In  March,  1880,  a  case  waa 
heard  at  the  Salford  poUce  court  in  which  a  chemist  and  druggist  was 
summoned  for  selling  a  hottle  of  ** unfermented  port  wine,"  and  also  a  hottle 
of  **  unfermented  sherry  wine,*'  which  were  not  of  the  nature,  substance, 
and  quality  of  the  article  demanded.  The  port  wine  was  labelled  .  .  . 
'*  unfermented  port  wine,  manufactured  from  the  juice  of  the  grape  for 
sacramental  and  other  purposes."  There  was  a  similar  label  on  the  sherry 
bottle.    The  analysis  by  Mr.  Carter  Bell  of  Uiese  samples  was  as  follows : — 

Port.  Sherry. 

Specific  gravity,  .     1100  1093 

\  olatile  acidcaiculated 

as  acetic,         .  006  *006 

Tartaric  acid,     .        .       -502  -581 

Sugar  (invert),    .        .  21*2  22  9 

Ash,  ....       0395  -019 

Insoluble  ash  in  water,  *0185  or  46*8  per  cent.  *009  or  47 '3  per  cent. 
Soluble  ash,  .  .  -0210  or  531  per  cent.  -010  or  52*6  per  cent. 
Hesidue  dried  at  230°,  24*50  25*421 

SaUcyUcacid,    .        .       '02  -10 

The  analyst  stated  that  in  the  wines  he  found  no  trace  of  the  juice  of  the 
grape. 

The  pure  juice  of  the  grape  in  1000  parts  contained  three  of  ash,  and  that 
ash  should  mainly  consist  of  potash,  phosphoric  acid,  and  other  elements. 
About  90  per  cent,  of  such  an  ash  should  be  soluble  in  water.  In  the  sherry 
wine  he  had  only  found  *190  per  thousand  of  ash,  which  was  considerably 
less  than  one- tenth  of  what  oucht  to  be  found  in  pure  mpe  juice  (see  p.  438). 
This  ash  contained  a  trace  of  potash  and  a  trace  of  phosphoric  acid.  It 
consisted  chiefly  of  sulphate  of  sodium  and  calcium,  and  a  few  other 
ingredients.  52  per  cent,  of  it  only  was  soluble  in  water.  It  was  no  greater 
in  q^uantity  than  could  be  obtained  from  ordinary  drinking  water.  He 
considered  that  the  so-called  sherry  was  nothing  more  than  a  solution  of 
su^ar  and  tartaric  acid  flavoured  and  coloured,  and  containing  a  little 
salicylic  acid.  He  ffave  very  similar  evidence  with  regard  to  the  port.  On 
cross-examination,  he  could  not  swear  that  there  was  not  some  percentage  of 
the  juice  of  the  grape  in  it.  For  the  defence  it  was  contend^  that  when 
sold  there  was  not  the  slightest  deception ;  the  inspector  did  not  ask  for 
pure  juice  of  the  grape,  and  did  not  get  it ;  but  he  asked  for  unfermented 
wine  manufactund  from  the  juice  of  the  grape  and  got  it.  Witnesses  were 
called  who  swore  that  the  wine  was  maae  from  grape  juice,  the  manager 
stating,  with  some  reluctance,  that  he  generally  put  one  part  of  grape  juice  to 
five  parts  of  water ;  to  six  gallons  of  this  liouid  was  added  two  pounds  of 
sugar.  The  stipendiary  magistrate  dismissed  the  case  on  the  ground  that 
there  was  no  standard  of  what  amount  of  grape  juice  the  wine  should 
contain,  and  there  was  evidence  to  show  that  it  did  contain  some  grape 
juice,  and  therefore,  it  could  not  be  said  that  the  manufacturers  had  made 
the  wine  fraudulently  from  water. — Analyst,  1880,  p.  110,  and  1881,  p.  197. 
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VINEGAR. 

§  287.  ConstUuenta  of  Comniercial  Vinegar. — Commercial  vinegar 
is  a  more  or  less  impure  acetic  acid,  containing  usually  acetic 
acid,  acetic  ether,  alcohol,  sugar,  gum,  extractive  matter,  alkaline 
acetates  and  tartrates,  a  variable  amount  of  salts  (depending  on 
the  substances  from  which  it  has  been  produced),  and  legally 
not  more  than  one-thousandth  of  its  weight  of  pure  sulphuric 
acid. 

Varieties  of  Vinegar. — The  chief  varieties  of  vinegar  are  as 
follows : — 

(1.)  Malt-Vinegar. — The  great  majority  of  commercial  vinegars 
in  this  country  is  derived  from  the  acetous  fermentation  of  a 
wort,  made  from  mixtures  of  malt  and  barley.  Mali-vinegar  is 
of  a  decided  brown  colour,  in  specific  gravity  varying  from  1'017 
to  1*019  ;  it  is  of  various  degrees  of  strength,  the  manufiEu^turers 
distinguishing  different  kinds  as  Nos.  18,  20,  22,  and  24  respec- 
tively, the  last  being  the  strongest,  and  containing  about  4*6  per 
cent,  of  acetic  acid.  That  made  by  one  of  the  largest  firms  in 
this  country  will  be  found  to  contain  from  *!  to  '16  per  cent  of 
combined  sulphuric  acid,  and  from  '04  to  '08  per  cent,  of  chlorine, 
as  chlorides. 

(2.)  Wine-Vinegar  is  the  chief  vinegar  in  Continental  com- 
merce. It  is  prepared  from  grape-juice  and  inferior  new  wines ; 
that  made  from  white  wine  is  most  esteemed.  The  wine- vinegars 
vary  in  colour  from  pale  yellow  to  red ;  they  have  nearly  always 
an  alcoholic  odour;  specific  gravity  from  1*014  to  1'022.  A 
litre  of  Orleans  vinegar  (according  to  Chevallier's*  analyses  of 
actual  samples)  saturates  from  6  to  7  grms.  of  dry  carbonate  of 
soda.  The  extract  from  pure  wine-vinegar  varies  from  1*7  to  2*4 
per  cent.,  the  average  being  2*05  per  cent.,  and  usually  contains 
*25  grm.  of  tartrate  of  potash. 

Vinegars  of  limited  use  are — Glucose-vinegar^  recognised  chiefly 
by  the  presence  of  dextrine,  which  may  be  precipitated  by  alco- 
hol; beer-vinegar,  from  sour  ale;  cider-vinegar^  made  both  frotxL 
apples  and  pears;  crah-vinegar^  made  from.  \3i^  ^swiXi  'K^'^^^-fc%3B^ 

♦  Joum,  d'ifyg.,  IST!,  "So,  AS, 
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used  nearly  all  over  Wales  and  Monmouthshire ;  and  various 
artificial  vinegnrs. 

§  288.  AdvlUratUma. — Tbe  adiiltemtionB  of  vinegar  are — 

(1.)  Water. 

(2.)  Mioeral  acids,  especially  sulphuric,  more  rarely  hydro- 
chloric, and  still  more  rarely  nitric  acids. 

(3.)  Metallic  adolterationa,  or  rather  impurities;  auch  u 
arsenic,*  derived  from  sulphuric  acid,  copper,t  lead,  zinc,  and 
tin,  from  tbe  solvent  action  of  the  acid  on  any  metallic  surfaces 
with  which  it  may  have  come  in  contact. 

(1.)  Pyroligneoua  acid. 

(5.)  Various  oi^anic  substances,  such  as  colouring  agents,  and 
capsicum. 

§  289.  Analtj»ig  of  Vinegar — (l.)irafar. — Vinegar  should  eontaia 
at  least  3  per  cent,  of  acetic  acid,  and  if  it  does  not  do  so,  it  may 
l>e  safely  returned  as  adulterated  with  water ;  for  it  then  is  s» 
dilute  as  certainly  not  to  bu  of  the  nature  and  quality  of  the 
substance  iisimlly  sold  aa  %-inegar.  The  strength  of  vinegar  may 
be  accurately  estimated  by  distilling  110  cc.,  until  100  cc  han 
been  drawn  over,  that  is,  ten-eleventha  The  100  ca  vill  con- 
tain 80  per  cent,  of  the  whole  acetic  acid  present  in  the  110  cc, 
and  may  be  titrated ;  or  the  specific  gravity  of  the  distillate 
may  be  taken,  and  the  strength  found  from  the  following 
table  :— 

P«r«rat.  PpM'Bc  OriTlij. 

I l-OOl 

2 1-002 

3 1-00* 

4 1005 

5 1-007 

6 1-006 

7 1-010 

8 1-012 

9 1-013 

10 HIIS 

11 1-016 


*  "The  obgervation  of  M.  DeBchampi  indaced  ua  to  analyse  a  vio^tr 
■old  by  a  certain  Sieur  C.  .  .  .  The  presence  of  arsenic  ia  this  vioegu- 
waa  ascertained,  and  tbe  Sieur  C.  was  cotQpelled  to  confeM  that  tbe  vinenr 
had  been  mixed  with  wood-vinepar.  On  resortine  to  the  person  who  rai^ 
niabed  tbe  latter  product,  the  whole  of  tbe  wood-vinegar  in  hia  pntamiiiai 
waa  fonnd  araenical,  and  seized,  in  order  to  be  employed  only  for  indna^ria) 
Me."— *'L«  Viuaigre,"  Chevallier,  Journ.  tCHyg.,  No.  46,  June,  1877. 

"f  Seven  out  ot  tweVie  lam^Yo  of  vinei^ar  sold  in  Paris,  and  analyaed  bf 
"fted  Biche,contwneicQ\iv«-vaTiui¥i^iaaitVi\5>iii^w*.-^^ litre.    Jomr*. 
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Per  cent.  Spedflc  GrftTity. 

12 1017 

13 1-018 

14 1-020 

15 1-022 

16 1-023 

17 1-024 

18 1-025 

19  .......        .  1026 

20 1-027 

Vinegar  may  also  be  distilled  in  a  vacuum  produced  bj  the 
mercury  pump  described  at  p.  70;  it  should  be  distilled  into 
caustic  soda  or  potash  of  known  strength,  and  then  titrated  back. 
By  distilling  thrice  to  dryness,  adding  a  little  water  each  time, 
the  whole  of  the  acetic  acid  comes  over. 

It  will  be  necessary  to  test  the  distillate  for  the  presence  of 
hydrochloric  acid,  and  also  to  take  the  acidity  of  the  vinegar 
without  distillation,  so  as  to  control  the  results. 

The  titi-ation  of  vinegar  may  be  made  with  ordinary  soda 
solution,  and  approximate  results  obtained.*  If  absolutely 
accurate  determinations  are  required,  it  is  best  to  add  an  excess 
of  carefully  weighed  pure  carbonate  of  lime  to  a  known  weight 
of  the  vinegar ;  the  liquid  is  boiled,  filtered,  and  the  residual 
carbonate  of  lime  filtered  ofi*,  dissolved  in  slight  excess  of  normal 
hydrochloric  acid,  and  titrated  back  with  caustic  soda  and 
cochineal  solution.  From  the  amount  of  carbonate  thus  found 
to  have  been  unacted  on  by  the  vinegar,  the  total  acidity  is 
calculated. 

(2.)  Mineral  Acids, — A  great  many  commercial  vinegars  con- 
tain no  trace  of  free  mineral  acid ;  and  it  has  been  amply  shown 
that  although  one-thousandth  part  of  free  sulphuric  acid  is  allowed 
by  law,  such  addition  is  not  by  any  means  necessary  for  the  preser- 
vation of  the  vinegar.  The  mineral  acid,  if  present,  is  nearly 
always  sulphuric,  occasionally  hydrochloric,  and  still  more  rarely 
nitric  acid. 

Hydrochloric  Acid  is  detected  by  the  distillation  already  de- 
scribed, and  the  testing  of  the  distillate  with  nitrate  of  silver. 

Nitric  Acid  may  (in  the  absence  of  other  reducing  agents)  be 
detected  by  the  rapid  decoloration  of  a  solution  of  indigo  car- 
mine  added  to  the  boiling  vinegar. 

StUphuric  Acid  cannot  be  detected  by  the  usual  chloride  of 
barium  test,  for  it  fails  to  distinguish  between  free  and  combined 
sulphuric  acid.     The  charring  effect  of  the  acid  on  paper,  on 

•  The  results  are  only  approximate,  becauw  ^o^vi  qjokXaXj^  >nm^  >^»iS&. 
feeble  alkaline  reaction. 
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sugar,  or  its  action  on  atarcli  (foriuerly  tftkcn  as  the  basis  of  fita 
older  tests),  is  now  reiilacod  by  more  scientific  methods,  and  need 
not  bo  described  here. 

One  of  the  most  speedy  tests  for  the  presence  of  mineral  acids 
is  tliat  proposed  by  A.  llilger" :— Two  or  three  drops  of  a  aolo- 
tion  of  metnyl  aniline  violet  (01  :  100)  we  added  to  35  ce,  of 
vinegar;  if  pure,  no  colour  is  produci>d;  but  if -2  per  cent,  of  any 
mineral  noid  is  present,  the  colour  is  blue;  or  if  5  per  cent.,  blue- 
green;  and  if  1  iwr  cent,  green. 

Another  useful  test  is  tlmt  of  M.  Stroliljt  it  is  baaed  on  tie 
well-known  fact,  that  oxalate  of  lime  is  insoluble  in  acetic,  bol 
soluble  in  mineral  acids.^  The  solutions  reqnisite  are— a  solu- 
tion of  calcic  chloride  (151  gi-ms.  to  the  litre)  and  a  solution  of 
crystallised  auimouic  oxalate  (28*4  grms.  to  the  litre);  J  cc.  of 
i^ch  of  theso  liquids  is  added  to  fiO  oc.  of  the  vinegar  under 
examination,  nnd  if  tho  turbidity  which  is  at  first  pi-oduced  does 
not  disappear,  Ihi^  liquid  containa  loss  than — 

1  -70  gniL  f»r  tent.  Bii!]i!iiiric  ncid  (B[>ccilio  gravity  1  -843)  per  litre. 
2-85  „         hyilroclilorio  neid  (      ,.  „        ri74) 

4'40  „         mtriciwad  (      .,  „        1'174)       „ 

The  test,  without  claim  to  gieat  accuracy,  is  extremely  usdhl; 
for  if  any  suspicious  indication  be  observed,  the  vinegar  may  be 
then  submitted  to  a  mure  elaborate  examination  for  free  acids. 

As  speedy  as  any  of  the  foregoing,  and  at  once  more  scientific 
and  accurate,  is  the  process  introduced  by  Mr.  Hehner.  Its 
principle  is  based  upon  the  fact  that  vinegar  always  containB 
potash  and  soda  salts  of  the  organic  acid ;  hence,  it  is  obvioiu 
that  sulphuric  or  hydrochloric  acids,  if  added  in  small  quantity, 
merely  decompose  an  equivalent  quantity  of  acetate  or  tartrate, 
as  the  case  may  be,  and  as  free  acidt  immediately  disappear; 
but  if  added  in  excess  of  the  amount  of  acetates  and  tartrates, 
the  excess  remains  as  free  acid.  It  thus  follows,  that  if  any 
undecomposed  acetate  or  tartrate  exists  in  the  vinegar,  it  is 
impossible  for  a  free  mineral  acid  to  be  present;  and  since  the 
acetates  and  tartrates  are  decomposed  by  ignition  into  carbonatas, 
the  readiest  way  to  ascertain  their  existence  is  to  examine  the 
aab  of  the  vinegar  for  carbonates.  If  that  ash  ie  neutrvU,  &ee 
mineral  acid  is  probably  present;  if  alkalwte,  no  free  acid  can 
be  present,  although,  of  course,  a  small  quantity  may  orixin^Uy 
have  been  added. 

The  qualitative  test  devised  by  Mr.   Hehner  is  also  mode 

^k.  *  Ardwv.  dn-  Pharmaeit,  1876,  19a 

^■*-  -V  AtA.  Pkarm.\TiV  VWa-W>. 

tlbid. 
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quantitativa  If  an  accurately-estimated  volume  of  d.  n.  soda 
solution  is  added  to  a  known  quantity  of  the  vinegar,  so  as  to 
neutralise  slightly  in  excess  the  total  amount  of  free  mineral  acid 
present,  on  ignition  the  alkalinity  of  the  ash  gives  the  measure 
of  the  quantity  of  free  sulphuric  or  hydrochloric  acid.  The  exact 
details  of  this  operation,  as  practised  by  Mr.  Hehner,  are  as 
follows: — 50  cc.  of  the  vinegar  are  mixed  with  25  cc.  of  d.  n. 
soda;  the  liquid  is  evaporated  on  a  water-bath  in  a  platinum 
basin,  the  residue  dried  at  about  110^,  and  carefully  incinerated 
at  the  lowest  possible  temperature— the  ash  need  not  be  burned 
white.  25  cc.  of  a  d.  n.  sulphuric  acid  solution  are  now  added  to 
the  ash,  the  liquid  heated  to  expel  free  COg,  and  filtered.  The 
filter  is  washed  with  hot  water,  litmus  added,*  and  the  acidity 
ascertained  by  d.  n.  soda.  The  volume  of  soda  necessary  for 
neutralisation  directly  gives  the  proportion  of  free  mineral  acid 
present  in  the  vinegar,  100  cc.  of  d.  n.  corresponding  to  '49  grm. 
of  H2S0^.  If  the  amount  of  alkali  originally  added  should  have 
been  insufficient,  it  is  necessary  to  recommence  the  experiment. 
For  this  reason  Messrs.  Allen  and  Bodmer  made  some  experi- 
ments  in  which  the  preceding  manipulation  was  modified  by 
neutralising  the  whole  of  the  acid,  organic  and  inorganic,  by  soda 
solution.  The  results  were  satisfactory,  but  great  care  must  be 
taken  to  titrate  accurately. 

Another  very  satisfactory  way  of  separating  and  identifying 
the  free  mineral  acids  in  vinegar  is  the  following: — Saturate  a 
known  quantity  with  quinine,  evaporate  to  dryness,  take  up  the 
quinine  salts  with  spirit,  recover  the  spirit  by  distillation,  dis- 
solve the  quinine  salt  in  water,  and  precipitate  by  ammonia. 
The  aqueous  liquid  will  now  contain  the  acetate  of  ammonia, 
together  with  the  sulphate,  chloride  or  nitrate;  if  any  one,  or  all 
three,  of  the  free  acids  were  present,  the  acids  may  be  determined 
in  the  usual  way. 

A  method  of  separating  free  sulphuric  acid  from  sulphates  is 
to  evaporate  the  vinegar  to  a  syrup,  precipitate  the  sulphates 
by  alcohol,  filter,  wash  the  precipitated  salts  with  alcohol,  and 
determine  the  free  sulphuric  acid  in  the  alcoholic  solution. 
Provided  sufficient  alcohol  be  added,  the  separation  of  free  from 
combined  sulphuric  acid  is  exact. 

Another  method,  the  principle  of  which  was  proposed  by  Mr. 
Thresh,  and  which  has  been  improved  upon  by  Mr.  W.  C.  Young, 
is  to  add  to  a  known  measure  of  vinegar  an  excess  of  BaOlj;  the 
chlorine  in  a  portion  of  the  liquid  is  now  determined  with  great 
care,  the  rest  is  evaporated,  ignited,  and  the  chlorine  of  the  ask 

*  Instead  of  litmns,  cochineal  may  be  umQL  \  SisA  Aa^^Ax  Sa  'Q:utSS»^ft^'^ 
COa,  and  tterefove  preferable. 


on  saturation  with  liyi 
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of  citric  acid.  The  British  pharmacopcBia  directs  that  lemon  juice 
should  have  a  specific  gravity  of  1*039,  and  should  contain  32*5 
grains  of  citric  acid  per  ounce. 

Lemon,  lime,  and  bergamot  juice  are  all  similar  in  their 
composition,  containing  citric  acid  as  the  predominant  free  acid, 
and  small  quantities  of  acetic,  formic,  and  other  organic  acids, 
together  with  albumen,  sugar,  mucilage,  and  extractive  matters. 
The  mineral  matter  is  very  small,  and  contains  54  per  cent,  of 
its  weight  in  potash  and  15  per  cent,  of  phosphoric  acid. 

The  juice  is  expressed  in  England,  and  also  in  Sicily,  where 
the  method  of  preparation  is  to  mix  one  ounce  of  brandy  with 
ten  ounces  of  the  juice,  and  over  the  surface  of  the  liquid  to 
pour  a  layer  of  olive  oil.  This  crude  process  of  preservation  is 
effectual,  but  is  now  being  supplanted  by  more  modern  methods. 

The  following  table  shows  the  specific  gi*avity,  free  acid,  and 
combined  organic  acid,  the  acid  being  expressed  in  terms  of 
crystallised  citric  acid,  of  the  citric  commercial  juices  [il^^n]  : — 


Specific  Gravity. 

Free  Add. 
OzB.  per  gallon. 

Combined 

Organic  Acid. 

Per  gallon. 

Lemon  Juice — 

Baw  Sicilian, 

„     English, 

Concentrated, 

.  Bergamot  Juice — 

1          Concentrated, 

Lime  Juice — 
'          Raw,    . 
I          Concentrated, 

104    to  105 
1-20    to  1-25 

1*22    to  1*25 

1035  to  1-040 
1-28    to  1*38 

6       to    9 
11       to  13 
67       to  72 

47       to  55 

10-6    to  13-5 
82      to  112 

0*85 

0-3 

6to8 

7to8 

0*4  to  07 
8-6 

§  291.  AdtUtercUiona  and  Analysis  of  Citric  Juices, — Lime  juice 
has  been  rather  extensively  adulterated,  and  at  the  present  time 
it  is  by  no  means  uncommon  to  meet  with  a  wholly  fictitious 
article  under  this  name. 

Sulphuric,  hydrochloric,  and  nitric  acids  are  the  main  foreign 
ingredients  to  be  sought  for.  The  general  principles  of  the 
detection  of  these  acids  in  a  free  state  are  entirely  the  same  as  in 
vinegar,  and  the  remarks  with  regard  to  the  alkalinity  of  vinegar- 
ash  when  genuine  apply  equally  to  the  ash  from  the  citric  juices. 
(See  p.  478.)  Good  juice  contains  insignificant  traces  of  sulphates 
and  chlorides,  so  that  the  mere  addition  of  silver  nitrate  or  oC 
barium  chloride  will  at  once  show  whetlier  \.\i«t^  \k»&\««^  ^jq:^ 
tampering  with  the  liquid. 


acid  aD<l  fret-  from  f.-rr 
minutt-s,  ai,(l  U,i-n  a  lilt! 
baa  heea  prc3<;nt,  it  w 
ferric  salt,  and  a  deep  b 
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meter,"  bnt  this  method 
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the  methods  detailed  a 
vhich  the  juice  may  a 
balk  aa  before  the  dealo 

The  amount  of  free  a< 
nonnal  Boda.  A  know 
coloured  with  phenol-p 
until  the  colour  changi 
juice  may  be  taken  and  i 
juice  must  be  much  dilu 

The  free  acid  known, 
of  citratea  and  other  o 
this  purpose,  the  meas 
already  been  neutralise! 
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valent  to  the  total  amonnt  of  organic  acid ;  if  expressed  as 
citric  acid,  forty-nine  parts  of  sulphuric  are  equal  to  seventy  of 
H-CgH^OyHgO,  or  sixty-seven  of  2H8CeH50yH^O. 

The  amount  of  free  add  already  obtained  is  now  subtracted 
from  the  total  acid,  the  difference  being  that  which  is  combined 
with  bases. 

To  ascertain  the  amount  of  real  citric  acid  present  in  the  juice, 
it  must  be  determined  as  citrate  of  lime,  for  it  need  hardly  be 
said  that  the  process  given  above  does  not  distinguish  between 
malates,  meconates,  or  any  other  organic  acids  converted  by 
heat  into  carbonates.  To  determine  the  real  dtrio  aoidy  Mr. 
Warrington'*^  recommends  the  following  processes :  from  15  to 
20  ca  of  raw  lime  juice  are  exactly  neutndised  by  d.  n.  soda, 
the  whole  made  up  to  about  50  ca,  and  heated  to  boUing. 

While  boiling,  so  much  o]r  a  solution  of  chloride  of  Ume  is 
added  as  is  known  to  be  rather  more  than  equivalent  to  the 
total  amount  of  organic  acids  present.  The  boiling  must  be 
continued  for  half  an  hour,  and  the  precipitate  collected  and 
washed  with  hot  water.  The  filtrate  and  washings  are  evaporated 
to  a  small  bulk  (not  more  than  15  oc.),  and  a  little  ammonia 
added  to  exact  neutralisation,  if  the  liquid  gives  an  acid  reaction ; 
a  further  precipitation  takes  place,  and  this  second  precipitate 
must  be  collected  on  a  filter.  The  filters  are  dried  and  burnt  up 
at  a  low  heat,  and  their  neutralising  power  with  regard  to  acid  is 
determined.  For  this  purpose,  the  ash  may  be  dissolved  in 
standard  hydrochloric  add,  and  titrated  back ;  each  cc.  of 
normal  HCl  neutralised  is  equivalent  to  *070  grm.  of  crystallised 
citric  acid.  If  either  oxalic  or  tartaric  acids  should  be  present, 
the  results  are,  of  course,  inaccurate. 

*Journ.  Chem,  Sac,  1875,  934. 
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,  consiBts  of  very  minute, 


2.  The  second  iayer,  or  middk  t 
angular,  coloured  cells. 

3.  The  inner  or  third  layer  of  the  husk  coiisistB  of  a  single 
layer  of  angular  cells. 

The  black  mustard,  iu  its  structui-al  conijiosition,  diflers  from 
the  white  only  in  not  containing  the  lai^e  perforated  cells  of  the 
husk,  the  outer  membranes  consisting  of  two  or  three  layers  of 
large,  transparent,  hexagonal  cells,  the  other  structures  being 
similar  to  those  already  described. 

§  294.   The  accompanying  tables  (L.,  LI.)  give  some  careful 
analyses  by  C.  H.  Fiesse  and  Lionel  Stansell  ■  of  black  and  wl 
mustard ; — 


TABLE  U.-ANALYSES  OF  ASH  OF  MUSTARD  SEED.         ' 

WbluBawb. 

BrnmSBd*. 

VorluWw. 

Cunbr4(lce. 

Cuabiidge. 

PotMb, 

21-20 

18-88 

21-41 

0-18 

021 

o-ss 

Lime. 

13-46 

9  34 

13-57 

Masnema,  .        .        . 

10-49 

10-M 

Iron  oxide, 

1-18 

1-06 

Snlplinric  ■oid.    . 

5-5IJ 

Chlorine,     . 

0-12 

0-15 

7i1-U 

33-00 

37-20 

SQica, 

Sand,  .... 

1-83 

1-93 

1-38 

Charcoal.     . 

15-14 

7-57 

99 '85 

100-48 

99  70 

1 


§  295.  Tin  Chemistry  of  Mustard  is  extremely  interestiDe ; 
both  seeds,  white  and  black,  contain  a  fixed  oil  (from  abont  36 
per  cent),  and  a  sulpliocyanate  of  sinapin  and  myrosin.  Black 
mustard  seeds  contain,  in  addition  to  the  foregoing,  myronate  of 
potash  (about  -5  to  -G  per  cent)  When  the  powdered  black 
mustard  seeds  (or  the  mixed  black  and  white)  are  moistened 
with  water,  the  myronate  of  potash  acts  upon  the  myrosin,  and 
produces  tiie  volatile  oil  o/mvgtard.  White  mustard  seeds,  on  the 
other  hand,  contain  also  a  sulphur  principle,  sivaMn,  not  found 
in  black. 

Smapin,  C^H^jSO^. — ^Sivok^iviv  «>-u&t&  aa  e.  aulphocyanate,  both 
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in  black  and  white  mustard  seeds,  as  well  as  in  the  seeds  of 
Turritis  glabrct,  L.  It  was  first  prepared  by  Henry  and  Ckurot  in 
1825.  The  best  process  for  extraction  of  the  snlphocyanate  on  a 
small  scale  is  (according  to  Yon  Babo)  to  exhaust  the  oil  from  the 
seeds  by  ether,  then  to  treat  with  cold  absolute  alcohol,  which 
only  takes  up  a  little  of  the  sulphur  compound,  and  lastly,  to  dis- 
solve the  sulphocyanate  of  sinapin  out  with  alcohol  of  90  per 
cent.  The  excess  of  alcohol  is  then  separated  by  distillation,  and 
the  substance  crystallises  out,  yielding  about  1*1  per  cent. 

Sinapin  itself  cannot  be  obtained  pure,  but  a  watery  solution 
may  readily  be  prepared  by  decomposing  a  solution  of  the 
bisulphate  with  a  proper  quantity  of  baryta.  After  filtering 
away  the  sulphate  of  baryta,  the  filtrate  is  of  a  yellow  colour 
and  intensely  alkaline  reaction ;  it  precipitates  many  metals  from 
their  solution,  but  on  evaporation  its  colour  changes  through 
green  and  red  into  brown,  and  at  last  it  leaves  behind  an 
uncrystallisable  brown  residue.  On  boiling  a  solution  of  sinapin 
with  the  alkalies  or  alkaline  earths,  the  sinapin  splits  up  into 
sinkalin  and  sinapric  acid, 

CijH^sNOs   +   H,0   =   C5H13KO   +   Ci^HijOs, 

and  similar  treatment  of  the  sulphocyanate  of  sinapin  produces 
the  same  decomposition.  To  sulphocyanate  of  sinapin  is  ascribed 
the  formula  CigH23N05CNHS.  It  forms  colourless,  transparent, 
truncated  prisms,  in  warty  or  starlike  groups,  without  odour, 
but  of  a  bitter  taste,  of  neutral  reaction,  melting  at  130^  to  a 
yellow  fluid,  solidifying  again  in  an  amorphous  mass.  Sulpho- 
cyanate is  readily  soluble  in  water ;  but  ether,  turpentine,  and 
bisulphide  of  carbon  do  not  dissolve  it.  If  to  a  hot  solution  in 
alcohol  concentrated  sulphuric  acid  be  added,  bisulphate  of 
sinapin,  C^qEEjs^^s'  ^^2^4  +  20H^  separates  on  cooling  in 
rectangular  plates.  From  this  salt  the  neutral  sulphate  may  be 
obtained  by  solution  in  water,  and  precipitating  half  the  sul- 
phuric acid  by  baryta. 

SincUbin,  CaQH^^NgSjO^g,  a  substance  which  exists  only  in 
white  mustard,  and  may  be  supposed  to  take  the  place  of 
myronate  of  potash.  It  splits  up  into  sugar,  bisulphate  of  sina- 
pin, and  sulphocyanide  of  acrinyl,  CgH^NSO.  The  last,  on  treat- 
ment with  alkalies,  yields  ammonia  and  the  salt  of  an  acid 
melting  at  136°,  to  which  the  formula  CgHgOg  is  ascribed. 

Myrosin,  a  substance  analogous  to  emulsin,  has  not  yet  been 
obtained  albumen-  or  lime-free ;   its  solution  froths  on  bein^ 
shaken ;  it  is  coagulated  by  warming  to  ^0*^  9A  'v^  %s^\y5  ^s^s^ 
and  alcohol. 


iSS  room :  thku  cOMPOemox  axd  asaltsis.        [§  3d6. 

ifyrowA  i/FolaJk,  C^H^KXSjO,^  crTStaUiaes  <nt  of  siurit, 
in  DPtdlBi;  ontof  wUer,  ia  tliotiibk  prams.  It  is  destitute  of 
wmter  of  eiyi*«lliMtioPi  is  ct  netitnl  tckctioii,  and  has  no  odour, 
but  i>  of  a  bitter  taste.  It  is  easilj  aoluble  in  water,  with  dilfi- 
coltj  in  dilnted  sptrit,  and  icaroeljr  at  all  in  absolute  alcohol, 
whilst  it  ia  quite  insolnble  in  ether,  cUorolorat,  and  benzole,  if 
the  coneentnted  aqneous  aolntion  of  the  «Ut  be  digested  with 
tartaric  add  and  afaaolote  alcohol,  the  tartrmte  of  potash  separated, 
and  the  filtered  fluid  eTaporsted  with  cari>oti&t«  of  barvta,  the 
filtrate  from  the  latter  will  rield  easUj  soluble  crjistfJa  of  myro- 
nate  of  baryta  (C„H]jBaI<^jO,g},  which  soon  become  opaque  on 
exposure  to  the  air  ;  if  hcat^.  it  develops  ethereal  oil  of  mustard, 
leaving  behind  Eolphate  of  barytA.  A  solution  of  tnyronate  of 
potash  gives  with  ziac  and  hydrochloric  acid  sulphuretted  hydro- 
gen, and  then  contains  a  salt  of  ammoaia,  Bugar,  and  half  of  the 
sulphur  as  sulphuric  acid  Boiling  hydrochloric  acid  decompoecs 
similarly.  Concentrated  potash-lye  digesti^d  on  the  drr  salt,  and 
faeatt?d,  develops  volatile  oil  of  mustani,  cyaniiie  of  hIItI,  and 
ammonia.  If  to  a  watery  solution  of  myronate  of  potash,  myroain 
is  added,  volatile  oil  of  mustard,  sugar,  and  bisolphate  of  potash 
are  formed ;  thus, 

the  same  reaction  takes  place  if  the  freshly-prepared  watery 
extract  of  the  white  or  black  mustard  seeds  be  added. 

§  296.  The  Fixed  Oil  ofhotii.  Black  and  White  Muelard  appeart 
to  be  ideniioal. — It  is  a  yellow,  non-drying  oil  of  0-9  IS  to  0-920 
specific  gravity  at  15°,  solidifying  from  —  12°  to  —  16°,  and 
of  a.  mild  taste.  It  contains  the  glycerides  of  enicic  acid,  of 
stearic  acid,  and  of  oleic  acid,  which  last  Darby  conaiders  different 
from  ordinary  oleic  acid. 

Erudc  Aad,  CjjH^Oj,  was  discovered  by  Darby  in  the  fetty 
oil  of  the  seeds  of  the  white  and  black  mustsrd  in  1849,  and  the 
same  acid  has  also  been  found  in  rape  oil.  It  is  easily  obtained 
by  sajKinifying  the  oil  with  litharge,  treating  the  soap  with  ether, 
which  dissolves  out  the  erucate  of  lead,  and  decomposing  the  salt 
with  hydrochloric  acid.  The  erucic  acid  ia  solution  is  filtered 
from  the  chloride  of  lead,  the  filtrate  evaporated  in  the  water- 
bath,  and  the  residue  recrystallised  from  ether.  Erucic  acid 
forms  slender,  long,  white,  glittering  needles,  without  odour  or 
taste,  melting  at  from  33°  to  34°,  and  coagulating  again  at  33°; 
it  is  insoluble  in  water,  but  dissolves  easily  in  alcohol  and  ether. 
Tlifl  acid,  exposed  te  the  air,  gradually  becomes  coloured  and 
•■loid.     It  to  water  satvi-raA^  VaV  <wic\.i  luaA.'OTdmine  be  added 
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which  crystallises  out  of  alcohol  in  small,  white,  warty  masses, 
melting  at  42**  to  43°.  Again,  if  the  solution  be  decomposed  with 
hydrochloric  acid  and  sodium  amalgam,  it  can  again  be  changed 
back  to  erucic  acid.  Erucic  acid  forms  definite  salts,  of  the 
formula  HCgoH^jOo. 

The  Volatile  Oil  of  Mustard,  C^HgNS,  is  mixed  with  cyanide  of 
allyl,  which  may  be  separated  by  fractional  distillation.  Ordinary 
distillation  of  black  mustard  seeds  yields  it  in  the  proportion  of 
0*5  to  0*7  per  cent.  It  is  colourless  or  slightly  yellow ;  has  a 
boiling  point  of  148°,  and  specific  gravity  1009  to  1010;  is 
somewhat  soluble  in  water,  dissolving  easily  in  alcohol,  ether,  and 
petroleum  ether.  According  to  Hager  {Pharm.  Centralb,^  x.  65)^ 
the  commercial  oil  is  much  adulterated;  he  enumerates  as  fraudu- 
lent additions,  alcohol,  bisulphide  of  carbon,  oil  of  gilliflowers, 
and  castor-oil.  The  volatile  oil  of  mustard  prevents  the  coagu- 
lation of  serum-albumen,  as  well  as  alcoholic  fermentation. 
According  to  Mitscherlich,  this  is  the  most  deadly  of  all  the 
ethereal  oils,  4  grms.  killing  a  kitten  in  two  hours,  15  grms.  in  a 
quarter  of  an  hour.  The  post-mortem  appearances  were  those  of 
acute  gastroenteritis,  and  the  smell  of  the  oil  pervaded  the  blood, 
urine,  and  lungs.  It  has  been  used  in  medicine,  chiefly  exter- 
nally, for  its  powerful  rubefacient  properties,  blistering  the  skin 
when  applied  to  it. 

§  297.  Adtdteratxona. — The  adulteration  most  commonly  met 
with  is  a  dilution  of  ground  mustard  with  turmeric  and  wheat 
flour.  Other  substances  usually  enumerated  as  having  been 
fraudulently  mixed  with  mustard  are — cayenne  pepper,  ginger, 
gamboge,  potato  starch,  pea  flour,  radish  and  rape  seed,  linseed 
meal,  yellow  ochre,  chromate  of  potash,  plaster  of  Paris,  and  clay, 
besides  the  ground  seeds  of  the  Sinapis  arvends, 

A  careful  microscopical  examination  by  both  ordinary  and 
polarised  light  will  detect  most  organic  adulterations.  If  on  the 
addition  of  iodine  to  an  infusion  of  the  mustard  in  hot  water,  no 
blue  colour  is  produced,  it  is  certain  that  neither  wheat  nor  any 
other  starch  is  present. 

The  chemical  examination  of  mustard,  for  the  purposes  of  the 
food-analyst,  mainly  resolves  itself  into-— 

1.  Testing  for  turmeric. 

2.  Estimation  of  the  total  sulphur. 

3.  Estimation  of  the  fat  or  oil. 

4.  Estimation  of  the  ash. 

5.  Testing  for  gamboge. 

1.  Testing  /or  Turmeric— Tii^  detectVoxL  oi  \?arcaKrvB  >s^  Vm^ 
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microscopical  appearance  is  usoallj  satisfactory ;  there  «re,  kow- 
ever,  some  good  chemical  testa. 

A.  ExtiacC  tLe  mustanl  with  two  or  three  titnes  its  rolnme  of 
metbylic  alcohol,  filter,  and  evaporate  to  dryness.  If  turmene 
bo  present,  the  addition  of  hydi-ochlorie  acid  to  the  extract  will 
produce  a  red-onuige  colonr,  turned  by  excess  of  an  alkali  to 
green  and  blue;  or  ^e  extract  may  be  dissolved  in  the  least 
possible  quantity  of  methyl  alcohol,  and  evaporated  to  dryness 
in  a  porcelain  cspeiile,  in  which  there  has  been  placed  a  amBl} 
piece  of  filter  paper.  When  the  evaporation  is  complete,  the 
paper  ia  moistened  with  a  strong  solution  of  boric  acid,  and  then 
dried  ;  If  turmeric  be  present  the  palter  will  take  a  reddisb 
colour;  if  it  be  then  treated  by  an  alkali,  there  is  a  play  of 
colours,  ftmong  which  green  and  purple  predominate. 

B.  Advantage  may  be  taken  of  the  fact  that  the  colouring- 
matter  of  turmeric  is  strongly  fluorescent ;  that  of  mustard,  on 
the  other  hand,  is  devoid  of  flooreacenca  The  simplest  method 
to  detect  the  fluorescence  of  the  yellow  colouring-matter  of 
turmuric,  when  mixed  with  mustard,  is  to  jiiws  a  Httie  castor- 
oil  through  the  suspected  sample  on  a  filter  ;  the  oil,  if  tnrmerio 
be  present,  shows  a  very  distinct  green  colour  ;  this  is  a  teat  of 
considerable  delicacy.  Or  an  alcoholic  solution  may  be  fdamd 
in  a  test-tube,  and  held  vertically  in  water  contained  in  a  glMi 
blackened  internally ;  if  the  obsei'ver  now  slightly  incline  the 
top  from  the  window,  and  look  from  above  outside  the  test-tube, 
the  green  fluorescence,  if  present,  Nvill  be  readily  observed. 

2.  Etlimation  of  the  Total  Sulpkar. — Most  of  the  adoltentnts 
of  mustard  contain  no  sulphur,  or  at  least  no  very  appreciable 
amount,  in  the  unoxidised  state.  Mustard,  on  the  other  hand, 
in  common  with  a  large  number  of  cruciferous  plants^  contains 
sulphur-organic  compounds ;  hence  a  great  deficiency  or  exceai 
of  sulphur  is  indicative  of  adulteration,  a  normal  amount  no 
conclusive  sign  of  purity. 

The  best  method  to  oxidise  the  sulphur  compounds  the  writer 
has  found  to  be  as  follows  :^About  1  grm.  of  the  subatance  is 
placed  in  a  flask  adapted  to  an  upright  Liebig's  condenser,  and 
digested  for  some  time  at  a  gentle  heat  with  fuming  nitric  acid. 
The  resulting  liquid  filters  with  ease,  and  the  sulphates  are  pre- 
cipitated in  the  usual  way  with  a  solution  of  chloride  of  barium, 
the  precipitate  thoroughly  washed,  dried,  ignited,  and  weighed; 
sulphate  of  bartya  multiplied  by  -13734  =  sulphur.  On  now 
mt^iug  a  determination  of  the  sulpbates  contained  in  the  ash, 
and  subtracting  the  latter  from  the  former,  the  amount  at  organie 
mthhuiT  is  obudued. 

notion  o/  Uw  Fat  w  OvL— Twa  \».  \».'tOtfs^*:&.'^  -<aa&l 
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when  wheat  starch  is  the  adulterating  agent.  Wheat  flour  does 
not  contain  more  than  1  '2  to  2*1  per  cent,  of  oil ;  mustard,  on  the 
other  hand,  from  33*9  to  36*7  per  cent.  A  weighed  portion  of 
the  previously  dried  sample  may  be  placed  in  the  little  apparatus 
figured  at  p.  68.  As  a  rough  guide  the  following  formul»  may 
be  used : — 

X  Amount  of  mustard,  y  of  oil  found. 

33;9aj  1-3(100  -  a;) 

100'    "^        100         -y 

36 -70;  2(100 -a?) 

100     ^  100  "^ 

4.  Eatvmatiimof  the  A  ah, — The  ash  is  taken  in  the  way  already 
described  (see  p.*  97).  The  total  ash  of  dried  mustard  averages 
5  per  cent.  The  highest  number  the  writer  has  obtained  is  5*3 
per  cent.,  the  lowest  5*088  per  cent.  Of  this  ash  1*2  at  least  is 
soluble  in  water ;  in  other  words,  the  ash  of  mustard  consists  of 
30  parts  per  cent,  soluble,  70  parts  per  cent,  insoluble  in  water. 
It  hence  follows,  that  if  found  above  5*5  per  cent.,  mineral 
matters  of  foreign  origin  are  present ;  if  below  4  per  cent.,  it  is 
an  indication  of  some  organic  adulterant. 

5.  Gamboge. — Gamboge  as  an  adulterant  of  mustard  is  some- 
what apocryphal;  if  suspected  of  being  present,  an  alcoholic 
extract  of  the  mustard  must  be  prepared ;  such  an  extract  when 
treated  with  caustic  soda  becomes  of  a  bright  red  colour,  hydro- 
chloric acid  produces  a  yellow  colour. 
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PEPPER. 

g  296.  Black  pepper  is  th(>  dried  imma/urw  fruit  of  Pi/WM 
one  of  the  Piperaeea,  or  pepperworta. 

White  pepper  is  the  same  berry  decorticated,  or  deprived  of 
its  ont«r  and  black  husk  or  coveriag. 

Thp  pepgierworts  are  a  well-defined  natural  order,  coBfiaed  to 
the  tiotteBt  parts  of  the  «orl<l,  and  delighting  in  low  places, 
valleys,  and  tlio  banka  of  rivers.  Although  neither  the  namber 
of  its  genera  nor  of  its  species  is  great,  yet  the  whole  order  is 
lemttrkable  for  a  variety  of  active  and  useful  plants — e.g.,  the 
aromatic  black  and  long  peppers,  the  astringent  taatico,  the 
intoxicating  Macropiper  tnethytticunt,  the  different  varieties  of 
eubebs,  useful  in  the  treatment  of  inflamed  mucous  membranes, 
and  several  other  plants  jMsaessing  medicinal  properties,*  belong 
to  the  natural  order  of  Piperaeete. 

Black  ]>e|i])er  itself  is  a  climbing  plnot,  attaining  the  height  of 
from  S  to  \2  fc'ct;  the  berries — or,  botanically  8]H.'aking,  "drupes" 
— are  at  first  green,  then  red,  and  if  left  still  longer  ung&thered, 
turn  to  bluck  ;  but  before  this  latter  change  takes  place  tb« 
berries  are  gathered  by  hand  and  dried  in  the  sun,  the  result 
being  an  entire  change  of  appearance ;  instead  of  a  red,  amooth 
berry,  a  black  or  reddish-black  peppercorn,  with  the  cortex  con- 
tracted and  shrivelled  in  such  a  manner  as  to  form  a  veined  net- 
work, is  obtained.  The  plant  is  cultivated  in  various  portions  of 
the  equatorial  regions  of  the  earth,  the  zone  of  cultivation  being 
cimtiued  to  the  isotherms  of  82°?.  It  would  not,  however,  b« 
strictly  correct  to  say  that  this  high  mean  annual  temperatnie 
ifl  essential,  or  even  necessary ;  for  the  fact  is,  that  it  is  pro- 
duced principally  in  the  cooler  valleys,  where  the  mean  annual 
temperature  does  not,  perhaps,  exceed  70°Fahr. 

The  black  pepper  imported  into  this  country  princii)ally  comec 
from  the  islands  of  Malacca,  Java,  Borneo,  and  Sumatra.  The 
commercial  varieties  are  at  least  five — viz.,  Malabar,  Fenang, 
Sumatra,  Trang,  and  Tellicherry,  names  indicating  the  localitJM 
whence  they  are  derived.  The  differences  which  these  different 
varieties  of  pepper  present  to  tfie  eye  are  evident  enough  when 
the  several  samples  are  at  hand  for  comparison ;  but  it  takn 
a  very  practised  observer  to  identify  a  solitary  sanaple  ;  and 

*  Tbe  Artanthe  eucalypti/ol'ia  ia  UBcd  in  Brazil  in  case  of  colic  ;  Piper  pff- 

tKeniwn,  used  in  menitrual  disturbsnces ;  Chaviea  btUt  and  Siriiiia  cswa 

salivation,  tai.  decre&K  <b't\«  tau&Vuna  tX.  tbe  akin.     Besides  thcsa,  AeroMi- 

*  Un>i(l«luin,  Cocc6br)|<in  eaiwnM,  ATtuKlXt,  •j.^.-Mnui.,  CW«<ca,  orfMOi 
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if  samples  of  each  of  the  kinds  named  were  mixed  together,  it  is 
doubtful  whether  an  adept  even  could  separate  the  berries  again, 
identifying  each  sort  with  any  correctness.  The  merchant,  indeed, 
relies  more  upon  the  weight  than  the  appearance;  he  takes  a 
handful  of  peppercorns,  and  by  long  practice  can  tell  in  a  moment 
whether  it  is  a  light  or  a  heavy  sample.  Chevallier  has  deter- 
mined the  weight  of  what  is  technically  called  heavy,  half-heavy, 
and  light  pepper.  A  litre  of  the  first  weighed  530  grms. ;  of  the 
second,  512  grms. ;  of  the  third,  470  grms.  That  there  is  con- 
siderable difference  in  weight  in  the  different  berries  is  certain, 
for  the  writer  carefully  weighed  100  berries  of  each  kind,  with 
the  following  result : — 

Orammeii. 
6-2496 


100 

ft 

Malabar     ,, 

6-0536 

100 

19 

Sumatra     ,, 

61476 

100 

t1 

Trang 

4-6736 

100 

»» 

Tellicherry,, 

4-6076 

If,  then,  quality  is  to  be  judged  of  by  weight,  Penang  and 
Malabar  may  be  bracketed  together  as  standing  first,  Sumatra 
holding  the  second  place,  and  Trang  and  Tellicherry  bracketed 
together  in  the  third.  The  general  opinion  of  the  trade  is,  that 
Malabar  is  really  the  heaviest,  and  possibly  the  samples  of 
Penang  which  the  writer  possesses  are  unusually  fine.  The 
whole  of  the  ground  peppers  of  commerce  are  mixtures  of  different 
kinds  of  pepper ;  there  is  no  such  thing  to  be  found  in  the  shops 
as  a  pure  ground  Malabar  or  a  pure  ground  Penang.  The 
principal  varieties  mixed  for  household  purposes  and  retailed  are 
Malabar,  Penang,  and  Sumatra;  the  first  of  these  is  the  dearest. 
The  usual  mixture,  according  to  Chevallier,  is — 

33  per  cent,  of  Malabar  to  give  weight, 

33         „  Penang       „      strength,  and 

33         „  Samatra     ,,      colouTa 

The  pepper  thus  mixed  is  either  ground  by  the  aid  of  large  mill- 
stones, or  in  an  apparatus  perfectly  analogous  to  a  coffee-mill. 
The  latter  mode  is  far  preferable  to  the  former,  as  the  friction  of 
the  stones  develops  considerable  heat,  and  dissipates  some  of  the 
aromatic  principles.  Pepper  thus  damaged  by  the  heat  of  the 
mechanical  operations  is  technically  known  as  **  burnt."*  / 

Structure  of  Pepper, — A  thin  section  of  the  pepper  berry 
shows,  from  without  inwards,  (1.)  a  layer  of  elongated  cells,  large 
and  distinct,  having  a  central  cavity,  from  which  numero^x^  ^koL^e^ 

*  From  Art.  Pepper  in  the  AuUioi^B  **'Dic^  ofH-i^S^fe^^^^.. 
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radiate  towards  the  circnmfereDce  ;  (3.)  a  layer  of  bhulU,  an^Iu', 
dark-<^o1oared  cells  ;  (3.)  a  thin.  Btratnm  of  woody  fibre  nad  spiiaJ 
Tesaels;  (4.)  a  layer  of  large  round  cells;  (5.)  a  tissue  divisible 
into  two  layers,  the  onter  consisting  of  coloured  cells,  tlie  inner 
coloarlesB,  and  really  constituting  a  membrane. 

Pepper  contains  an  alkaloid  (ftjoertn),  a  volatile  oil,  and  an 
acrid  resin,  besides  gum,  st-arph,  vegetable  albumen,  salts,  and 
other  substances. 

Oil  of  Pepjier  hajtaepeciGe  gravity  of  from  0'8G  to  0 '99,  and 
a  boiling  point  167°  to  170°.  It  is  &  clear  fluid,  possessing  a 
mild  taste,  and  corresponds  to  the  formula  C,gH,g.  Both  white 
and  black  pepper  contain  a  little  more  than  1  ]>er  cent,  of  this 
oU.» 

§  299.  Pywrin— <Ci,H,aN03)— was  discovered  by  Oerstedl  io 
1819 ;  it  is  found  in  white,  long,  aad  black  pepper,  in  Chavita 
officinaruiTi,  in  cubebs,  in  the  berries  of  Schittus.  moUi»,  and  io 
the  bark  of  Lirwdendron  tulipifera.  When  pure,  piperin  crystal- 
lises in  colourless,  brilliant,  fonr-aided  prisms  ;  it  is  almost  taste 
less,  nnil  presents  no  alkaline  reaction.  It  melts  to  an  oily  mass 
at  about  100°,  solidifying  in  a  resinous  form;  is  soluble  in 
petroleum  ether,  alcohol,  ether,  the  volatile  oils,  benzole,  diloro- 
forrn,  and  creosote.  Concentrated  nitric  acid  changes  it  into  an 
orange-red  resin ;  if  this  be  treated  with  a  solution  of  caustic 
potash,  a  blood-red  colour  is  produced,  and  on  bailing  piperidin 
developed.  Long  heating  with  alcoholic  potash  decomposes 
piperin  into  piperidin  and  piperinate  of  potash,  and  the  same 
substance  is  quickly  developed  by  heating  with  soda  lime. 

Piperidin — CgH^N  (best  obtained  by  dry  distillation  of  p^jena 
with  three  times  its  weight  of  soda  lime) — is  a  clear,  ooloiuieB, 
bitter,  strongly  alkaline  fluid,  which  boils  at  106",  and  has  u 
odour  both  of  pepper  and  ammonia.  It  dissolves  in  water  and 
alcohol  in  all  proportions,  and  forms  good  crystalline  salts  with 
acids. 

Piperic  Add — CijHjoO^ — is  obtained  by  boiling  piperin  with 
alcoholic  potash,  decomposing  the  piperate  of  potasb  by  the 
addition  of  HCl,  and  subsequent  purification  of  the  a<nd  hf 
crystallisation  from  alcohol.  The  acid  is  in  the  form  of  yellow 
hair-like  needles,  some  of  wbicb  maybe  sublimed  undecompoaed; 
they  dissolve  easily  in  boiling  alcohol,  but  are  soarcely  solnble  ik 
water. 

Bncheim  has  given  the  name  of  "Chavicin"  to  a  Bubstaaot 
which  be  separated  as  follows : — Black  pepper,  after  being  flx- 
llMiBted  of  tdl  matters  soluble  either  in  alcohol  or  w&ter,  vu 

'l>waa. — J((«ni.CVinn.Mti.,-^^RR. 
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treated  with  etber.  The  ethereal  extract  was  shaken  up  with 
potash ;  on  then  separating  and  distilling  the  ether,  chavicin  is 
lef^  behind,  of  the  consistence  of  thick  turpentine,  and  possessing 
a  biting  taste ;  it  has  not  yet  been  obtained  pure. 

§  300.  The  Ash  of  Pepper, — The  following  is  an  analysis  of 
the  ash  of  Tellicherry  pepper : — 

100  gnne.  of  Ash. 

Potash 24-380 

Soda, 3-226 

Magnesia, 13*000 

lime 11-600 

Iron, 0-300 

Phosphoric  acid, 8*470 

Snlphuricacid 9*613 

Chlorine, 7*670 

Carbonic  acid, 14*000 

Sand, 6*530 

Of  all  of  these  constituents  the  sand  is  the  most  variable. 
The  highest  determination  of  sand  which  the  writer  has  as  yet 
met  with,  occurred  in  a  sample  of  Penang  pepper,  which  gave  9 
parts  of  sand  in  every  100  of  ash ;  but  if  we  allow  that  a  pepper 
ash  may  contain  10  parts  in  every  100  of  sand,  how  on  any 
theory,  except  that  of  wilful  adulteration,  can  we  account  for  the 
fact  of  the  ground  pepper  of  commerce  yielding  to  the  analyst  an 
ash  one-third  or  one-half  of  which  is  very  commonly  found  to 
consist  of  sand  ?  The  iron,  part  of  which  is  magnetic,  the  alka- 
line earths,  the  chlorine,  the  alkalies,  all  vary  somewhat ;  but 
there  is  one  constituent  which  is  extremely  constant,  and  may 
be  of  technical  utility,  and  that  is,  the  phosphoric  acid.  The 
phosphoric  acid  averages  8*5  per  cent,  of  the  ash.  Pepper  also 
has  very  minute  quantities  of  carbonate ;  a  sample  of  finely 
powdered  Malabar  pepper,  treated  with  acid,  and  placed  in  an 
absorption  apparatus  connected  with  an  aspirator,  which  drew 
through  the  solution  perfectly  dried  carbonic-acid-free  air,  yielded 
•657  milligramme  of  COg,  or  about  -143  per  cent,  of  the  ash ; 
hence  the  10  or  11  per  cent,  of  CO^  in  the  ash  must  be  produced 
from  the  organic  salts,  &c. 

Nitrates  and  Niti'ites  in  Pepper. — Comparatively  few  observa- 
tions of  the  amount  of  nitrates  and  nitrites  in  organic  substancea 
are  on  record  :  it  is  a  subject  of  some  scientific  interest,  especially 
since  it  has  been  observed  that  nitrates  and  nitrites  are  decom- 
posed in  the  presence  of  free  oxalic  acid.  Whether  the  deter- 
mination of  nitric  acid  will  be  of  service  to  the  food-analyst  or 
not  is  unknown ;  it  certainly  may  be  so,  if  it  be  found  that  ^ 
substance  rich  in  nitrates  is  fraudulently  mix!^  '^^^  ^tift  ^^jwst  Vs^ 
nitrates. 
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CMcolMcdu 

Kluie  AeU. 

UnuK 

100  grma.  nndried  Penans  pepper  yield  O-OMTO  

MaUbBr  0-03SM  _^B 

TeUicherry   „  0-06660  ^H 

Samtitn  ODOSeO  ^H 

Tnng  011870  ^f 

§  30!.  General  Composition  of  Pepper. — lu  a  smnple  of  Penang 
(jeppor  tkualysed  by  the  writer  : — 

VoUtileoil 1-04  ^H 

Acrid  reaiu I-T7  ^H 

PipeiiD. S-17  ^H 

Snbataiicea  wluble  in  water,  gum,  itarch,  and  ^^H 

other  laatten,  aubtracting  atb,  14*74  ^^H 

Snbatance*  ioBoluble  in  iJcobol  and  water,     .  6T7&  ^^| 

Water, 0-53  ^H 

100  00 

The  following  tahle  exhibits  some  analyiies  made  by  the  writer 
in  167C  of  genuine  black  peppers,  and  may  be  compared  witb 
similar  determinations  of  white  and  long  peppers  :— 

TABLE  LII.— GENERAL  COMPOSITION  OF  COMMBECIAL 
PEPPEK3. 


1 

h 
9 

ft 
1^ 

'1 

'"^«— 

SolnblBla 

TMiL 

Penan^    . 

0  53 

5-57 

2-08 

18-33 

2-21 

4-18 

12-90 

1'675 

1-70 

16-5 

3-38 

ft-n 

1010 

4-702 

1-74 

17-59 

2-62 

4-31 

Malabikr,  . 

10  54 

4-632 

1-74 

20-37 

3v*5 

s-ts 

Trang.      . 

11-64J 

4-600 

1-70 

18-17 

2-53 

4-77 

Commercial;  | 

10-30 

5 -GOO 

2-05 

0-56 

Mi 

Long  Pepper,   . 

I'8O0 

O'SO 

16-82 

4-47 

8-30 
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pepper  onght  to  bear  a  definite  relation  to  the  piperin  and  acrid 
resin,  so  that  the  latter  constituents  are  the  most  important  to 
determine.     ' 

There  are  two  methods  of  estimating  the  piperin  and  resin  : — 
The  one  is  to  exhaust  thoroughly  the  finely  powdered  pepper 
with  strong  alcohol,  evaporate,  and  weigh  the  extract,  which 
practically  consists  of  nothing  but  resin  and  piperin.  The  latter 
is  now  separated  by  digestion  with  soda-lye,  which  dissolves  the 
resin,  leaving  insoluble  the  piperin,  which  may  be  redissolved  in 
strong  alcohol,  filtered,  evaporated,  and  weighed  as  piperin. 
The  other  process,  which,  on  the  whole,  is  preferable,  is  to  dis- 
solve the  piperin  out  by  petroleum  ether,  and  purify  the  extract 
thus  obtained  as  before.  Some  chemists,  again,  first  extract 
with  alcohol,  and  then  treat  the  alcoholic  extract  with  petroleum 
ether,  a  method  which  is  equally  valid,  but  not,  perhaps,  so 
convenient  as  the  second  given. 

§  303.  Adulterations  of  Pepper, — Pepper  has  been  adulterated 
for  at  least  two  centuries  and  a  half;  for  Pierre  Pomet,*  writing 
in  1614,  says  :  **  As  the  greatest  part  of  pepper,  white  aa  well  as 
black,  is  sold  '  battu '  (that  is  to  say,  powdered),  it  should  only  be 
bought  of  honest  merchants ;  because  all  the  pepper  the  retailers 
sell  is  no  other  thing  for  the  white  than  '  epioes  cPAuvergne 
blanchees,*  or  rather  black  pepper  whitened  with  ground  rice ;  the 
black  is  only  the  dust  either  of  the  crust  of  bread,  grey  Auvergne 
spices,  or  manignette." 

The  list  of  the  adulterations  enumerated  by  authors  is  an 
extraordinary  one.  Linseed  meal,  rice,  pepper  leaves,  mustard, 
wheat  flour,  sago,  woody  fibre,  chillies,  rape-seed,  potato,  spices, 
capsicum,  manignette  (otherwise  known  as  Guinea  pepper), 
chicory,  rye,  powdered  leaves  of  the  laurel,  which  had  been  pre- 
viously used  to  wrap  round  extract  of  liquorice,  the  stones  from 
olives,  bone-dust,  marine  salt,  and  various  mineral  adulterations, 
are  all  said  to  have  been  detected. 

However  various  may  be  the  adulterations  in  France  (where, 
Chevallier  tells  us,  in  Paris  alone  he  is  acquainted  with  a  manu- 
factory producing  1200  to  1500  kilogrammes  annually  of  a 
mixture  sold  solely  for  the  purpose  of  adulterating  pepper),  the 
only  common  adulterations  of  this  country  are  what  are  known 
in  the  trade  as  P.D.,  H.P.D.,  and  W.P.D.,  abbreviations  for 
pepper-dust,  hot  pepper-dust,  and  white  pepper-dust.  The  first,  or 
P.D.,  used  to  be  principally  composed  of  faded  leaves,  but  linseed- 
meal  is  now  preferred ;  H.P.D.  is  chiefly  the  husks  of  mustard 
and  W.P.D.  is  ground  rice.*    To  all  these  we  must  sAd  ^i»s^^<k 

♦  Pomet :  "  Hist  GAi.  des  l>To^e»;'  Yl^. 
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b— tgBr*n»lyoi.tfcwgj»  w^mImt  iaind  horn  the 
^  cf  Ifcc  ^MfiS  ^  mdimi  as  wmI,  k  Vt  bo  nrmm  cl««r. 
■  tW  «^^  of  tke  msk,    which 

I  of  Ike  ash  of  somf 
1  wjlri  of  blkck  pepper  i  of  these 
r  5  per  teat.,  tke  penentagn  of  the  other 
r  dtMribKted  M  foUon : —  J 


It  u  diScnlt  to  betiere  th«t  more  than  3  per  cent,  of  QDaToid- 
able  mineral  ttast  can  get  into  the  pepper  by  grinding,  &,c.,  and 
the  inference  natnrallj  is  tbat  most  of  the  nbore  samples  were 
adulterated.  The  maximani  percentage  of  ash  from  genuine 
pepper  which  the  writer  has  obtained  is  53  ]>er  cent. 

Besides  the  formidable  list  of  adulterations  already  mentioned, 
the  beny  itself  is  not  free  from  manipulation ;  for,  as  the 
luerchant  judges  by  the  weight  of  the  samfde,  means  are  taken  to 
render  the  lighter  sorts  equal  in  weight  to  the  heavy  Malabar 
and  Fenang,  and  in  order  to  do  this  they  are  macerated  in  tubs 
of  brine  for  twenty-four  hours,  and  thns  impregnated  with  salt 
and  water  find  their  way  into  the  market  aa  Malabar  ;  bat  sacb 
samples  are  quickly  recognised  by  the  astute  merchant ;  and  the 
high  chlorides,  the  high  ash,  the  great  amount  of  humidity,  oonld 
hardly  fail  to  reveal  their  nature  to  the  analyst. 

As  coffee  has  been  cleverly  imitated  by  chicory  pressed  into 
the  shape  of  the  cofTee-berry,  so  by  pressing  various  pastes  into 
the  shape  of  the  pepper-berry  has  pepper  been  imitated.  Of  this 
adulteration  there  is  the  most  undoubted  evidence.  Accum 
noticed  artificial  peppercorns  made  of  oilcake,  common  clay,  and 
Cayenne  pepper,  and  Chevallier,  in  a  recent  paper,  states  that  in 
1843  he  was  requested  to  examine  a  sample  taken  from  forty 
bales,  ill  which  he  found  from  16  to  20  per  cent  of  artificial 
pepper,  composed  of  pepper-dust,  bran,  and  other  matters.* 

LEGAL  CASE. 

Ptpprr  adHlterattd  aith  Sand,  and  eontaiiting  Sago. 

Al  the  Cardiff  Folice-Coart,   18TS,  a  erocer  was  sammoiied   for  mHi)^ 

•dnlltiattd  pei|^>    "The  town-clerk  cooducting  the  proeecntian.  had  Mnta 
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as  varviDg  from  3*843  per  cent,  to  4*061  per  cent,  the  highest  amount 
found  being  5*25  per  cent.  No  genuine  ground  pepper  as  soKl  should  con- 
tain 5*5  per  cent,  of  ash.  The  sample  of  pepper  sent  up  to  him  in  tiiis  case 
for  analysis  contained  3  per  cent,  ofsago,  and  12  per  cent,  of  earthy  matter, 
one-half  of  which  was  sihca.  The  presence  of  sago  he  attributed  to  accident, 
the  quantity  being  so  small ;  and  the  presence  of  earthy  matter  and  sand 
to  the  improper  manner  of  drying  the  pepper  berries,  and  not  to  adultera- 
tion. 

Mr.  J.  W.  Thomas,  the  local  analyst,  gave,  as  the  result  of  his  analysis, 
that  the  pepper  contained  sago,  rice,  and  arrowroot,  with  a  large  quantitv 
of  woody  fibre  and  dust,  other  than  that  of  pepper,  the  quantity  of  this  ash 
being  10*5  per  cent. 

A  third  analyst  cave  as  the  result  of  his  analysis  that  the  pepper  contained 
3  per  cent,  of  starchy  matter,  and  10  per  cent,  of  ash,  one-half  of  which  was 
sand.  He  considered  the  pepi)er  genuine,  but  of  an  inferior  quality.  The 
presence  of  starchy  matter  was  due,  he  believed,  to  accident  or  carelessness 
in  those  who  had  the  handling  of  the  pepper  before  being  sold.  The 
quantity  was  so  small  that  it  was  scarcely  probable  it  had  b^n  added  for 
tne  purpose  of  adulteration.  In  reply  to  questions  from  the  Bench  he  stated 
that  he  considered  the  sample  of  pepper  a  very  bad  one,  but  it  was  genuine 
pepper.  The  presence  of  even  25  or  30  per  cent,  of  ash,  such  as  was  found 
m  tnis  case,  would  be  no  proof  of  adulteration.  The  earthy  matter  found 
there  would  most  probably  be  the  result  of  the  dust  ana  other  matter 
adhering  to  the  berries  when  exposed  to  the  atmosphere  to  dry. 

On  cross-examination,  this  gentleman  considered  that  the  ash  was  in 
excess  of  what  might  be  expected  to  be  found,  and  would  onl^  be  discovered 
in  inferior  samples.  He  then  explained  that  the  pepper  berries,  after  being 
dried,  would  naturally  have  particles  of  earthy  matter  adhering  to  the  husks. 
After  being  dried  they  were  packed  in  bags,  and  in  the  course  of  time  tiie 
husk  would  probably  separate  from  the  com,  and  the  dust  becoming  dry 
would,  by  force  of  gravity,  fall  to  the  bottom.  The  sample  of  pepper  at 
the  top  of  the  bag  might  not  contain  more  than  4  per  cent  of  earthy  matter, 
but  that  at  the  ^ttom  20,  and  although  the  20  per  cent,  were  found  in  the 
sample  taken  from  the  bottom,  that  would  be  no  proof  of  adulteration. 

The  Bench  dismissed  the  case. 

The  author  is  of  opinion  that  the  Bench,  in  the  fitce  of  the  evidence^ 
could  scarcely  do  otherwise  than  dismiss  the  case ;  but  the  magistrates 
were  certainly  grievously  misled  by  the  witnesses.  How  any  one  with  the 
least  knowledge  of  the  subject  could  declare  a  sample  of  pepper  oontaininff 
20  per  cent,  of  earthy  matter  to  be  genuine  pepper,  and  ot  tne  nature  ana 
quality  demanded  by  the  purchaser,  is  increoible.  Without  doubt,  the 
i)epper  in  this  case  came  within  the  meaning  of  the  Act,  and  was  adulterated. 
If  such  a  defence  as  that  of  sand  &lling  from  the  top  to  the  bottom  of  a  bag 
be  once  admitted,  it  would  come  to  this,  that  the  last  few  ounces  may  be 
found  to  contain  half  their  weight  of  sand,  and  yet  be  legally  sold  as  pepper 
— which  is  obviously  absurd. 
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CAYENNE  PEPPER. 

§  304.  Cayenne  pepper  consists  of  the  powdered  pods  or  seed 
vessels  of  the  Capsicum  annuum,  a  plant  belonging  to  the  natural 
order  Solanaceas.  It  is  a  native  of  America,  but  is  also  cultivated, 
to  a  slight  extent,  in  the  greenhouses  of  England  and  other  Euro- 
pean countries.  It  is  sold  entii*e  under  the  name  of  Chillier, 
The  microscopical  structure  of  the  capsules  is  somewhat  peculiar : 
the  epidermis  is  formed  of  cells  the  walls  of  which  are  thick, 
flattened,  tortuous,  well  defined,  and  punctuated  here  and  there ; 
frequent  drops  of  a  reddish-orange  oil  occur,  especially  in  the 
parenchyma,  which  is  formed  of  thin- walled,  rounded  cells.  The 
envelope  of  the  grain  itself  when  cut  in  thin  vertical  seciionSi 
presents  a  very  singular  appearance,  that  of  radiating  dentiform 
processes,  the  apex  of  each  being  apparently  fixed  in  the  outer 
membrane.  The  substance  of  the  seed  proper  is  composed  of 
small  angular  cells,  with  thick  colourless  walls,  filled  with 
granules  and  a  yellow-orange  oil,  but  without  starch. 

Cayenne  pepper,  as  met  with  in  commerce,  is  in  the  form*  of  a 
somewhat  coarse,  brick-dust  like  powder,  the  least  particle  of 
which,  if  heated  strongly,  volatilises  a  very  acrid  vapour,  causing 
intense  irritation  of  the  throat.  This  sensation  can  be  produced 
hy  so  minute  a  \>ott\on  of  cayenne,  that  any  foreign  substance 
mixed  witli  it  co\Lld.  Va.  ^^Ha  ^vj  \>^  ^^\.'^\fc^\  it  would  be  only 


§  305.]  CAYENNE  PEPPER.  BOl 

a  camel's-hair  brush,  all  particles  of  cayenne,  and  heat  the  portion 
suspected  ;  if  no  acrid  vapours  were  given  off,  the  substance  could 
not  be  cayenne.  This  intense  acridity  appears  to  be  due  to  a 
body  recently  discovered  by  Mr  Thresh,  and  named  by  him 
Capsaicin. 

§  305.  Capsaicin — (CgHj.Og),  specific  gravity  1060 — ^is  in  the 
form  of  minute  crystals,  which  melt  at  56°-5  (138°F.),  volatilise 
unchanged  at  11 5° -6  (240°F.),  and  at  120**  (248'F.)  become 
brownish- black.  It  may  be  obtained  by  exhausting  cayenne  by 
petroleum,  evaporating  the  petroleum,  and  treating  the  extract 
thus  obtained  by  dilute  solution  of  potash  ;  on  now  saturating 
the  solution  with  carbonic  anhydride,  it  is  precipitated  in  very 
small  crystals.  It  dissolves  slightly  in  cold,  and  more  readily 
in  boiling,  water ;  is  easily  soluble  in  alcohol,  proof  spirit,  ether, 
amylic  alcohol,  acetic  ether,  acetic  acid,  benzine,  the  fixed  oils, 
and  solutions  of  the  alkalies.  It  dissolves  slowly  in  turpentine 
and  carbonic  disulphide  ;  when  pure,  petroleum  does  not  dissolve 
it  readily,  but  the  presence  of  the  red  oil  in  the  pepper  increases 
its  solvent  powers ;  it  is  totally  insoluble  in  solutions  of  the  car- 
bonates of  the  fixed  alkalies,  and  in  ammonia.  Silver  nitrate 
gives  a  precipitate  with  alcoholic  solutions  of  capsaicin ;  it  also 
yields  white  precipitates  with  barium  and  calcium  chlorides.  It 
is  powerfully  pungent,  causing,  if  volatilised,  severe  fits  of 
coughing. 

It  would  appear  that  capsaicin  is  not  contained  in  the  sub- 
stance of  the  seed ;  for  if  the  pericarp  be  carefully  separated,  the 
seeds  are  entirely  devoid  of  acrid  taste. 

Mr.  Thresh  has  also  described  a  conium-like  alkaloid,  obtained 
by  exhausting  the  pericarp  with  benzine,  evaporating,  dissolving 
in  ether,  shaking  the  solution  with  dilute  sulphuric  acid,  par- 
tially neutralising  with  barium  carbonate,  and  evaporating  to  a 
small  bulk.  Some  red  fat  now  separates,  and  after  the  removal 
of  this  (upon  adding  an  excess  of  alkali,  shaking  with  ether,  and 
evaporating)  a  brown  residue  is  obtained,  smelUng  like  conium, 
and  giving  precipitates  with  Nessler  reagent,  iodine,  and  iodides 
of  potassium  and  cadmium. 

The  acrid  oil  Capsicol,  Capsiciriy  and  other  substances  described 
by  Bucholz,  Bracannot,  Buchheim,  dec,  are  undoubtedly  mix- 
tures. The  general  composition  of  cayenne  pepper  may,  how- 
ever, be  gathered  from  the  following  analyses,  one  made  in  1816 
by  Bucholz,  the  second  in  1817  by  Bracannot,  of  course  neither 
taking  cognisance  of  oapaaicin  :«^ 
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BCCHOLZS  ASALTSia. 

Actid  mA  rkb  (CMCttm).  ....  44 

Wo,  .        .  7« 

Kctnotm^  wtth  mm  am.'  Sl-«  J 

Gbd, »4  ■ 

Albmrnno  Batten >-*  ^ 

W«o4r£bn, »-9  ■ 

Watw. 12-0 


tnit  vtCaamcwm  amimmm,  witluHit 

meeiM. 100-0 

BEACASNOTS  ASALTSIS. 

Acrid  oil. m 

W«i  uid  ted  colouring-matter,     ....  0-9 

BrowaiBh  stsrcby  auiUer, 9D 

Peculiar  gam, Si) 

AuimaliKiI  iiutter. S-0 

Woody  librp. 67-3 

Salts:  extract  of  potash,  6*0;  phosidiate  of  potuh 

and  chloride  of  potMiinm,  3'4,  9'4 


Fruit  of  Ca/iricuni  annuuni,  .        .       lOOi) 

mplea  froni  10 

V"  ...  |.w.  ..^..v.      ...itnr  analvHfid  Rfivnral  Httmi ' 

cayenne,  and  the  mean  o 


The  hygroscopic  moisture  ranges  in  different  sample: 
to  13  per  cent.  The  writer  analysed  several  samptea  c 
cayenne,  and  the  mean  of  these  analyses  was  as  follows 


Aqueous  extract  of  dried  cayenne,      .  .       32*1 

Alcoholic  extract, 25-79 

Benzole  extract, 20-00 

Ethereal  extract, 1043 

Adi 5-693  (aoloble,  3-32) 

TotAl  nitrogen  in  100  grms.,       ....         2-04 

Hence  the  ash  of  cayenne  should  not  exceed  6  per  cent.;  it 
should  yield  at  least  one^qnarter  of  its  weight  to  alcohol,  and 
from  9  to  10  per  cent,  to  ether. 

§  306.  r/MXrfuftera/iowq/' Cayenne  usuallyenumerated  are:  all 
kinds  of  red  mineral  powders,  from  brick-dust  to  cinnabar,  and  a 
few  starches.  There  does  not  appear,  however,  to  have  been  any 
conviction  recently  for  the  aduJteration  of  cayenne,  and  the 
nomerons  samples  the  writer  has  examined  were  all  geuoine. 
Uo«t  of  these  additioas  would  be  easily  detected  in  the  nab,  or 
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THE  SWEET  AND  BITTER  ALMOND. 

§  307.  The  sweet  almond,  the  seed  of  Amygdala  cammuniSf  and 
the  bitter  almond,  the  seed  of  AmygdcUua  communis^  var.  Amara^ 
enter  either  in  whole  or  in  part  into  so  many  articles  of  food 
(such  as  sweetmeats  and  pastry,  and  as  a  flavoaring  ingredient 
into  certain  drinks),  that  it  is  absolutely  necessary  to  be  acquainted 
with  their  chemical  composition.  Both  varieties  of  almond  agree 
in  containing  about  50  per  cent,  of  a  bland  fixed  oil  (consisting 
chiefly  of  olein,  and  liable  to  become  rancid),  as  well  as  an 
albuminous  principle,  emulsin,  sugar,  gum,  and  woody  fibre; 
but  only  in  the  bitter  almond  is  found,  in  addition  to  the  fore- 
going, amygdcdine. 

§  308.  TJie  Oil  of  Almonds  is  a  thin  fluid  oil,  of  a  clear  yellow 

colour,  specific  gravity  0*914  to  *920,  not  coagulated  by  a  cold  of 

-  10°  ;  at  — 16°  it  becomes  cloudy,  and  at  — 22**  it  solidifies  to  a 

white  butter.     Oil  of  almonds  appears  to  be  rather  frequently 

adulterated  with  other  oils. 

2*5  drops  of  the  oil,  shaken  with  an  equal  bulk  of  nitric  acid 
(specific  gravity  1  -20)  and  bisulphide  of  carbon,  should  not  show 
any  colour  after  standing  a  few  minutes ;  if  it  becomes  within 
half  an  hour  yellow,  or  reddish -yellow,  the  change  indicates  oil 
from  cherry  or  apricot  kernels. 

The  following  test  will  detect  drying  oils : — Dissolve  one  part 
of  starch  in  3  parts  of  warm  nitric  acid,  of  1  '20  specific  gravity, 
and  warm  in  a  capacious  vessel  over  the  water-bath  with  10  parts 
of  almond  oil,  until  all  evolution  of  gas  ceases.  The  oil  after 
cooling  is  within  two  days  changed  into  a  warty,  crystalline, 
greasy  mass  of  elaidin.  Should  it,  however,  contain  a  drying  oil 
(poppy,  for  example),  it  either  remains  quite  fluid  or  semi-fluid, 
according  to  the  proportion  of  the  'adulterant  present.  The 
colour  of  the  elaidin  is  also  a  guide;  that  produced  b^  tX^fe^sa^^s^ 
almond  is  pure  white,  by  the  bitter,  ye\\oV\^-^\L\\fc<»  «sA  ^^  'J^?^ 
smaJJ  or  inferior  kinds  of  almonds,  V)roNni\i\\-y ^^"^  %  "^^  ^^  fSssfi^^Ss^ 
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should  be  red,  it  denotes  adnltemtion  of  gome  foreigD  oil,  especially 
of  sesame. 

Pure  almond  oil  disaolveH  in  25  parts  of  cold  and  fi  of  tot 
ftlcobol.  The  above  tests,  and  in  addition  the  low  tcrapeTaturo 
required  for  congelation,  should  detect  all  ordinary  adult«ration8. 

§  309.  Amygdidine  (Cj^H^NO^,)  is  a  glucoside,  discorered  in 
1830  by  Robiquet  and  Boutroo-Cliarlard,  It  may  be  extracted 
from  almond-cikke  by  boiling  alcohol  of  95  per  cent.,  and  then 
precipitated  fi'om  the  somewhat  concentrated  alcoholic  solution 
by  ether.  Amygdaline*  crjatflUiaes  from  80  per  cent,  alcohol  in 
colourless  glittering  scales,  containing  two  atoms  of  water:  it  can 
also  be  obtained  in  crystals.  Amorphous  amygdaline  of  tho 
before-mentioned  cherry-laurel  leaves  and  buckthorn  bark  is  best 
obtained  by  the  following  method : — The  dried  buckthorn  bark 
is  boiled  with  absolute  alcohol,  agitated  with  lead  oxide,  and 
evaporated  to  dryness.  Dried  in  a  vacuum  over  SO^H,  it  forms 
a  brittle,  yellow,  transparent,  resin-like  mass,  which,  when  heated 
to  100°,  becomes  dark-brown;  it  can  bo  dissolved  by  Vioiiing 
alcoliol  iinc!  by  ^y.^U-y,  but  is  ii.solubl,.  in  clhir,  Allboiigb  amor- 
phous, it  is  a  crystatloid  with  three  atoms  of  water,  as  proved  by 
dialysis  from  water  or  weak  spirit,  but  in  such  a  case  it  loses  one 
atom  if  dried  over  sulphuric  acid.  At  100°  to  120°  it  may  be 
obtained  anhydrous. 

Amygdaline  possesses  no  smell ;  it  has  a  slightly  hitter  taste ; 
its  reaction  is  neutral,  and  it  polarises  to  the  left  [a]  »"=  —  35'57*. 
It  dissolves  in  all  proportions  in  boiling  water,  and  in  12  parts 
of  cold  of  10°j  requires  148  parts  of  alcohol,  specific  gravity  0~939, 
904  parts  of  alcohol,  specific  gravity  0'8]9,  if  cold — but  if  boiling, 
11  parts  of  the  first  and  12  of  the  last ;  it  is  insoluble  in  ether. 
It  melts  at  120°,  and  begins  to  carbonise  at  160°,  when  it  develops 
A  caramel  smell,  and  is  at  length  fully  destroyed. 

'  Lehmum,  in  hia  recent  elaborate  reseuchei,  foand  the  method  of  lieUg 
and  Wohler  tiie  best  for  obtaining  eryalaUine  amygdtJine.  The  proceaa  con- 
(Ut«  in  boiling  the  inbstoticG  with  strong  alcohol  (of  M  to  96  per  cant) 
twice  snccesBively,  after  having  fint  removed  the  liied  oil  hy  petroleani 
benzine,  caDcentrating  to  about  one-hatf  or  one-uith  of  its  volniae ;  and  theo 
adding  ether,  which  precipitates  the  amygdaline,  and  removes  any  of  ths 
remaining  tiied  oil.     Lehmsnn  obtained  from 

2-5    per  cent,  crystallised  amysdaline. 
Cherry-kameU,  "-'"' 

Plom-kemels, 
Apple-Beedg,     . 

Feach-kemels,  .        .        •.  „v       „  „  ,, 

Cheny-lanrel  leaves,        .         1'38  per  cent,  amoiphous  amygdalina, 
Birkof  ithanunw/raNgdlia,    Q1         „  „  ,, 
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Amygdaline,  by  the  action  of  dilute  hydrochloric  acid,  splits  np 
into  glucose  and  mandelic  acid,  volatile  oil  of  almonds,  and  formic 
acid .  If  boiled  with  solutions  of  potash  or  baryta  it  forms  ammonia 
and  amygdalic  acid.  The  most  interesting  decomposition  is,  how- 
ever, that  which  takes  place  by  the  action  of  emulsin ;  it  then 
breiji^s  up  into  volatile  oil  of  almonds,  hydrocyanic  acid,  and  formic 
acid.     (See  Prussic  Acid,  in  the  second  volume  of  this  work.) 

Volatile  Oil,  or  Essence  of  Almonds,  does  not  exist  as  such  in  the 
bitter  almond  ;  it  is,  as  above  explained,  the  result  of  the  decom- 
position of  the  amygdaline.  The  oil  of  almonds,  when  properly 
purified  from  prussic  acid,  is  identical  with  the  hydride  of  benzole, 
C7H5OH.  It  is  colourless,  thin,  turning  a  ray  of  polarised  light 
to  the  right,  of  a  peculiar,  pleasant  odour,  and  a  burning  aromatic 
taste.  Its  specific  gravity  is  1  -043  to  1  -07,  usually  1  -OS  (JStirach). 
Its  boiling  point  is  180°.  By  the  action  of  light  and  air  it  is 
gradually  oxidised  into  benzoic  acid.  It  is  soluble  in  equal  parts 
of  alcohol,  0*830  specific  gravity,  and  in  about  30  parts  of  water. 
The  ethereal  or  volatile  oil  is  officinal  in  the  French,  Swiss,  and 
Norwegian  pharmacopoeias.  The  ethereal  oil  is  much  adulterated. 
The  analyst  will  specially  look  for  alcohol,  prussic  acid,  nitro- 
benzine,  and  ethereal  oils. 

If  aicohol-free,  the  addition  of  an  equal  weight  of  fuming 
nitric  acid  produces  no  effervescence,  and  after  two  or  three 
days  the  mass  becomes  emerald  green,  and  crystals  of  benzoic 
acid  appear.  On  the  other  hand,  if  it  contain  alcohol  from 
0*08  per  cent,  upwards,  there  is  immediately  a  strong  effer- 
vescence. Some  of  the  tests  given  for  alcohol  at  pp.  376-376  may 
also  be  of  service. 

The  detection  and  estimation  oi  prussic  acid  in  the  essence  is 
carried  out  on  the  principles  detailed  in  the  article  on  Prussic 
Acid  (see  vol.  ii.) 

Nitrobenzine  is  indicated  when  the  essence  is  not  entirely 
soluble  in  a  solution  of  bisulphate  of  potash,  and  the  specific 
gravity  is  higher  than  1*07,  the  specific  gravity  of  nitrobenzine 
being  1  -20  to  1  -29 ;  the  boiling  point  will  also  be  raised.  In  such 
a  case  nitrobenzine  should  be  specially  tested  for,  by  changing  it 
into  aniline  by  reducing  agents.  For  this  purpose  10  parts  of 
dilute  sulphuric  acid  (specific  gravity  1*117)  may  be  added  to  10 
of  gi-anulated  zinc  and  1  part  of  the  essence.  At  the  end  of  two 
hours  (after  frequent  agitation)  the  fluid  is  passed  through  a 
moistened  filter,  and  a  crystal  of  chlorate  of  potash  added  to  the 
filtrate  with  a  drop  of  concentrated  sulphuric  acid.  If  a  violet 
or  red  colour  is  produced,  it  is  due  to  the  presence  of  an  aniUne 
salt,  produced  from  nitrobenzine ;  but  if  t\i^^  S&  ^o  ^^^T^^ii^^> 
nitrobenziDe  must  have  been  absent. 
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Another  speciftl  method  used  for  the  detection  of  nitrobenziae 
■was  proposed  by  Maiscli: — 1  grm.  of  the  essence  is  disaolv^ed  in 
twelve  times  its  volame  of  alcohol,  '75  of  caustic  melted  potash 
is  added,  and  the  whole  heated  until  the  liquid  ia  diminished  to 
&bout  one-third.  The  pure  essence,  on  cooling,  is  of  a  light 
brown  coloiir,  and  dissolves  entirely  ia  water;  but  if  Ditroben- 
zine  is  present,  the  residue  is  brown,  crystalline,  and  insoluble 

The  action  of  sodium  oq  the  essence  may  also  be  utilised  as  a 
test: — Pure  almond  essence,  when  treated  with  sodinm,  giv^ 
white  Hocks;  if  nitrobenzine  should  be  present,  the  sodium  b 
immediately  covered  with  yellow  or  brown  flakes,  according  t/> 
the  amount  of  adulteration;  if  the  percentage  rises  as  high  u 
0'30  to  0'50,  the  whole  liquid  after  a  minute  becomes  thick  asil 
opaque.     (Dragendorff.) 

However,  the  action  of  potash  alone  on  a  sample  adulterated 
with  nitrobeniine  is  tolerably  conclusive.  If  one  f^rm.  of  the 
essence  is  treated  in  a  test-tube  with  half  its  weight  of  pun" 
caustic  potash,  a  yellow  coloration  ia  produced,  should  th* 
essence  be  pure ;  but  if  nitrobenzina  be  present,  the  tint  sooii 
becomes  yellowish -red,  and  at  the  end  of  a  minute  green.  On 
the  addition  of  a  little  water,  the  mixture  separates  into  twi< 
layers,  of  which  the  lower  ia  yellow  and  the  upper  green,  t!w 
latter  changing  in  the  course  of  a  day  into  red.  Most  foreign 
ethereal  oils  may  be  detected  by  the  bisulphate  of  soda  testt — Ifi 
little  of  the  pore  essence  be  dropped  into  a  warm  solution  of  tbi) 
aalt,  of  from  1-24  to  1-26  specific  gravity,  shaken,  and  thfo 
diluted  with  hot  water,  it  is  fully  dbaolved;  other  essences,  on 
the  contrary,  are  insoluble. 
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ANNATTO. 

§  310.  Annatto  is  a  colourinf^-matter  obtained  from  the  seeds 
of  the  Bixa  orellanay  chiefly  prepared  in  Brazil  and  Cayenne. 
Although  not  used  itself  as  a  food,  it  enters  into  several  articles 
of  consumption,  and  has  been  employed  to  colour  milk,  butter, 
and  cheese. 

Microscopical  Characters, — When  annatto  is  examined  by  the 
microscope,  the  outer  red  portion  presents  an  almost  homogeneous 
appearance,  and  the  surface  of  the  seed  proper  consists  of  narrow 
or  elongated  cells  or  fibres  vertically  disposed,  while  the  inner 
white  portion  consists  of  cells  filled  with  starch  corpuscles,  well 
defined,  of  medium  size,  and  resembling  in  the  elongated  and 
stellate  hilum  the  starch  granules  of  the  pea  and  bean. 

In  manufactured  unadulterated  annatto,  but  little  structure  is 
met  with.  Portions  of  the  outer  cells  may  be  seen;  and  in  those 
specimens,  which  in  the  course  of  their  preparation  have  not  been 
subjected  to  the  action  of  boiling  water,  a  few  starch  granules 
may  be  noticed. 

Since  this  is  the  case  with  annatto  itself,  we  can  the  more 
easily  detect  the  presence  of  most  foreign  vegetable  substances, 
such  as  turmeric  powder,  the  starch  of  wheat,  rye,  barley  and 
sago  flours.  The  salt  and  alkali  present  in  the  annatto  generally 
greatly  alter  the  appearance  of  the  turmeria  Most  of  the 
colouring-matter  of  the  cells  is  discharged,  so  that  the  starch 
corpuscles  contained  within  them  become  visible.  Loose  starch 
granules  of  turmeric  may  also  be  frequently  seen,  and  in  conse- 
quence of  the  action  of  the  alkali  much  enlarged. 

§  311.  Chemical  Composition  of  Annatto. — Dr.  John  found  the 
pulp  surrounding  the  fresh  seed  to  consist  of  28  parts  of 
colouring  resinous  matter,  26*5  of  vegetable  gluten,  20  of  ligneous 
fibre,  20  of  colouiing  extractive  matter,  4  formed  of  matters 
analogous  to  vegetable  extractive,  and  a  trace  of  spicy  and  acid 
matters.  The  colouring-matter  consists  of  a  red  substance — 
hixin,  associated  with  a  yellow,  orrfKn;  t\i^  \»\.\«t  \k3M^\««^  ^^ 
jet  but  little  studied. 
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Bixin,  C,jH,gOf,  when  pure,  is  an  Kmocpboos,  reaiiMMiB.  cinu- 
bar-red  substance.  It  is  scarcelj  soluble  in  water  and  bis&lphiile 
of  carbon,  soluble  in  about  89  parts  of  oold,  and  in  25  of  hot, 
alcohol;  in  345  parts  of  ether,  in  93  of  cUoroform,  and  also  is 
the  caustic  and  carbonated  alkalies.  The  alooholio  aoliitioB  ts 
oolonred  orange-red  by  lead  acetate,  brownish-jellow  by  ehloiide 
of  mercury  and  acetate  of  copper,  brown-red  bj  chloride  of  iron, 
and  it  is  precipitated  yellow  by  stannous  or  stnnnic  chloride; 
concentrated  sulphuric  acid  produces  a  deep  bine.  A  solntioo 
of  bixin  in  an  alkaline  liquid,  on  neutralisation  with  an  add, 
gives  a  precipitate  of  the  resin,  and  in  this  way  it  may  be  purified. 

§  312.  AdulUratioru. — Anuatto  is  one  of  the  most  iidult«nl«d 
substances  met  with  in  commerce,  the  adulterants  being  bo(& 
organic  and  inorganic  The  organic  substances  used  are — tin- 
meric,  rye,  barley,  and  wheat  flours.  The  inorganic — Bulphat«af 
lime,  carbonate  of  lime,  salt,  alkali,  an  oily  substance  (prolaUf 
soap),  rod  ferruginous  earths  (mostly  Venetian  red),  r«d  leu, 
and  copper. 

Whwi  Inrgr.  <ni,intit!es  of  ilnur  mid  limi:^  art-  iispii,  tlio  wlonr 
of  the  annatto  is  so  reduced  that  it  becomes  necessary  to  use 
Bait,  alkalies,  and  the  red  earths,  to  restore  it  to  ita  origiiuJ 
standard.  Salt  heightens  the  intensity  of  vegetable  reds,  henoe 
ita  use.  Lead  is  probably  introduced  into  the  annatto  through 
the  Venetian  red  used.  Copper  is  added  to  prevent  the  annatto 
becoming  attacked  by  fiingi. 

The  following  is  an  analysis  by  the  writer  of  a  &ir  conunerebl 
sample. 

No.  1.  The  sample  was  in  the  form  of  a  paste,  ooloor  deep  ni, 
odour  peculiar,  but  not  disagreeable: — 

W«tor, 24-2 

Kenu 2S-8 

Ash, 22-5 

Starch  and  Extractive  Matter,     ....  24-5 

lOO-O 
The  following  is  an  analj'sis  of  an  adulterated  sample.     It  wu 
in  the  form  of  a  hard  brown  cake,  texture  hard  and  leAtlief;, 
odour  disagreeable : — 

Water, 13-4 

Kesin 11-0 

Ash— consirting  of  Iron,  Silica,  Uhalk,  Alamina,  \  jo.m 

Md  SalC^ ]■  48  S 

ExtiwAiveUiMn, 2T-S 
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§  313.  The  Analysis  of  AnnaUo,  as  may  be  gathered  from  the 
preceding  description,  principally  resolves  itself  into  a  determi- 
nation of  the  ash  and  an  estimation  of  the  resin.  The  former 
is  determined  in  the  usual  way,  the  latter  by  exhausting  the 
sample  by  boiling  alcohol,  getting  rid  of  the  spirit  by  evaporation, 
and  then  redissolving  the  extract  thus  obtained  in  an  alkaline 
solution,  and  finally  precipitating  the  nearly  pure  resin  by  care- 
ful neutralisation  with  an  acid. 
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OLIVE  OIL. 


§  314.  Olive  oil,  as  indicated  by  its  name,  is  extracted  from 
olives,  that  is,  the  fruit  of  the  Olea  Europea.  Olives  furnish  from 
20  to  25  per  cent,  of  their  weight  of  oil. 

Pure  olive  oil  is  pale  yellow,  or  yellowish-green,  perfectly 
transparent,  with  a  faint  agreeable  odour  and  taste;  it  com- 
mences to  thicken  and  solidify  at  from  +  6*"  to  +  8°,  and  being 
one  of  the  oils  least  liable  to  become  rancid,  is  used  for  a  variety 
of  technical  purposes  as  well  as  for  food.  The  consumption  of 
this  oil  in  France  as  a  food  or  as  an  adjunct  to  food,  is  especially 
large  in  proportion  to  the  population ;  in  Paris  alone  more  than 
5000  hectolitres  being  consumed  yearly.  According  to  Kunig, 
the  elementary  composition  of  olive  oil  is,  carbon  76*67  per  cent., 
hydrogen  11*95  per  cent.,  and  oxygen  11 '38.  By  saponifying 
with  lead  oxide,  Kdnig  obtained  2*01  per  cent,  of  glycerine,  and 
50*92  per  cent,  of  oleic  acids ;  he  returns  the  rest  as  palmitic 
and  stearic  acids.  Van  der  Becke  found,  when  he  saponified  with 
lead  oxide,  3*76  per  cent,  of  glycerine,  but  saponified  with  alcoholic 
potash  6*41  per  cent,  of  glycerine. 

§  315.  AdtUtercUions  of  Olive  OiL — The  adulterations  of  olive 
oil  have  excited  more  public  attention  on  the  Continent  than  in 
this  country;*  but  there  is  little  doubt  that  the  oil  is  very 


*  See  a  letter  from  the  French  Minister  of  AgricoteM  \o  ^^  K»m^sscqc)« 

CompUa  JRendus,  Ixxxiz.,  p.  518. 
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PM.A 

CdOMlMtter, 
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X^IS 

5'9* 

I^Bow,      . 

■u 

S^ 

7-8* 

Batter,        . 

7« 

7-W 

lo-sa 

lirf. 

6«0 

8-27 

9-27 

f.liiye  oil,      . 

.1-7G 

.Wl 

E-i**eedoit. 

4-20 

4-58 

LiMMdoil. 

4^ 

... 

6-20 

It  ia  to  be  hoped  that  farther  work  will  be  done  in  this 
direction. 

The  processes  now  nsed  for  the  detection  of  ftdnlteration  b 
olive  oil  may  be  divided  into  physical  and  cbeniicaL 

(1.)  Pkytieal. — The  spectrum  of  olive  oil  shows  tut  absorptitn 
Iff  the  blue  and  violet  rays,  a  fine  line  in  the  green,  ajid  a  distinct 
deep  band  in  the  red.  B.  Nickelst  baa  propraed  to  ose  these  &eti 
in  order  to  detect  the  admixture  of  cotton-seed  oil,  which  gives 
no  banda,  and  on  comparing  a  definite  measured  stratum  of  tbs 
suspected  oil  with  the  same  thickness  of  genuine  oil,  by  tb* 
difi'ereuce  in  the  intensity  of.  the  absorption  adalteration  will 
be  indicated. 

Koutteau'g  Duigomitre. — According  to  Roasseau,  olive  oi] 
conducts  electiicity  67d  times  better  than  any  other  vegetaUv 
oil,  and  be  has  arranged  a  most  ingenious  galvanic  apparatus  ibr 
the  purpose  of  detecting  the  adulteration  of  the  oil  by  this  meani. 
The  apparatus  esaeatially  consists  of  a  galvanometer  connected 
with  a  dry  pile,  the  needle  works  on  a  delicate  pivot  fixed  in  i 
resin  plate,  and  there  ia  a  circle  divided  into  degrees  markiiif 
the  amount  of  deviation.     The  oil  to  be  tested  is  placed  in  a 
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small  cup,  and  the  current  transmitted ;  the  better  the  oil  con- 
ducts electricity,  the  greater  the  deviation  of  the  needle  from  the 
zero  point  at  which  it  is  applied  to  a  metallic  upright  connected 
-with  the  oil  by  a  wire. 

Cohesion  Figures, — This  physical  process  is  described  at  p.  292. 
A  genuine  sample  of  the  oil  must  be  at  hand,  and  drops  of  this 
and  of  the  oil  to  be  tested  must  be  allowed  to  fall  from  the  same 
height,  and,  in  a  word,  under  exactly  similar  conditions,  on  to  the 
still  surface  of  water  side  by  side,  when  a  good  judgment  may  be 
formed  from  the  pattern  of  the  film,  and  its  similarity  or  dis- 
similarity to  that  of  pure  oil. 

Specific  Gravity, — The  specific  gravity  is  best  taken  in  the 
ordinary  way  by  a  specific  gravity  bottle  at  15*.  The  following 
table  shows  the  density  of  olive  oil  and  that  of  a  few  of  the  oils, 
such  as  iK)ppy  and  cotton-seed,  which  are  often  used  for  the 
purpose  of  adulteration. 

Sx>ecific  gravity,  taken  at     .       15'0^ 

Olive  oil -9176 

Poppy  oil, -9243 

Cotton-seed  oil, -9310 

Sweet  almond  oil, *9180 

Arachis  oil  (from  the  Arachis  hypojea),       ,        .  '9170 

Colza  oil, -9136 

Sesame  oil, -9230 

Nut  oil  (Juglons  regia) •9260 

Beech-nut  oil, -9225 

It  is  evident  that  the  specific  gravity  will  only  be  a  conclusive 
proof  when  the  adulterant  has  a  gravity  much  higher  or  lower 
than  that  of  olive  oil.  With  mixtures  of  an  oil  like,  for  example, 
arachis  oil,  of  similar  density,  a  determination  of  the  gravity 
will  not  of  itself  throw  any  light  upon  the  purity  of  the  sample. 
Nevertheless,  a  determination  of  specific  gravity  should  be  always 
made  as*a  matter  of  course,  since  it  may  confirm  other  tests,  and 
in  every  case  a  knowledge  of  the  density  is  important. 

(2.)  CJiemical  Tests — Oxidation, — The  so-called  "elaidin"  test, 
in  which  the  oil  is  treated  with  nitric  acid  and  copper  turnings, 
and  thus  by  oxidation  transformed  into  a  solid  mass,  is  not  of 
very  much  value  as  a  test  for  purity,  though  possibly,  by  acting 
on  a  known  pure  sample,  and  examining  it  side  by  side  with  the 
suspected  oil,  valuable  information  may  be  obtained.  The  old- 
fashioned  nitric  acid  test,  according  to  Mr.  Michael  Couroy, 
applied  as  follows,  is  of  some  service — 1  part  of  strong  nitric 
acid  is  mixed  with  9  parts  of  the  oil,  and  warmed  until  the  action 
is  fairly  set  up ;  the  flame  is  then  removed,  and  the  m.viLt>Yt^ 
stirred  with  a  glass  rod  until  the  oxidatVon  \a  ovet.    "Yx^x^  ^Jcc^^ 
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ThM^  it  arts  to  a  wUd  tnass  ;  7  grms.  of  tbe  acid  that  prepared 
are  iiliirid  to  9  grwa.  of  oil ;  aL5*  olrreoil  aeitB  to  «  solid  maaio 
un  '^Tin'*f^  and  after  tveatj-Jbor  Ikhus  la  a  wbtto  li«rd  warn. 

Aiadua  oil,  rape  oil,  and  eoUon  oil  get  solid  later  in  aboot  la 
boor  ;  wkile  Msam*  oil  after  twaty-fbnr  faoois  is  still  as  soft  m 
hanoT.  Mixtares  of  oik  ofilov  solidi^in^  properties  vrtli  oltre 
<m1,  are  in  proportian  to  tlMir  peroentages  slower  of  coagnlatHiD. 
Here,  aa  in  all  other  e*»ea,  »  pure  sample  of  oil  for  tioniparison  il 
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parts  of  oUve  oil,  the  latter,  if  p 
two  layers  at  the  end  of  four  oi 
being  from  17"  to  18" ;  but  if  it  is  _ 

of  poppj  oil,  the  separation  is  incomplete,  and  takes  plAce  with 
extreme  slowness.  According  to  M,  Lailler,  every  olive  oil  most 
be  coositlered  false  which,  when  mixed  with  ODd-foorth  of  it! 
weight  of  chromic  acid,  does  not  at  the  end  of  twenty-fbnr  honn 
present  a  perfectly  opaque  Hqnid.  According  to  Cherallier,  in 
one  part  of  Fraace  the  oil  is  sophisticated  with  honey,  an 
adulteration  not  likely  to  take  place  in  Elngland.  It  ia  eonlj 
discovered,  for  the  oil  has  only  to  be  shaken  np  with  water,  snd 
the  water  Beparated  and  submitted  to  the  nsu^  tests  for  aagar. 
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PART  IX.-EXAM  I  NATION  AND  ANALYSIS  OF 

WATER. 

§  316.  Pure  water  neither  exists  in  nature  nor  even  in  the 
laboratory  of  the  chemist,  save  on  those  rare  occasions  when,  with 
immense  expenditure  of  time  and  labour,  water  is  purified  either 
by  repeated  distillation  over  permanganates  in  a  vacuum,  or  made 
synthetically.  Nevertheless,  however  difficult  it  is  to  obtain 
even  an  ounce  of  water  which  shall  consist  of  1  part  of  hydrogen 
and  8  parts  of  oxygen  by  weight,  and  no  other  admixture,  it  may 
yet  be  very  easily  obtained  sufficiently  pure  to  warrant  the  epithet 
"  pure  "  water — ie.,  containing  impurities  only  to  be  detected  by 
reagents  of  great  sensibility,  or,  what  amounts  to  the  same  things 
by  operating  on  a  large  quantity  of  water.  In  the  analysis  of 
water,  therefore,  it  need  scarcely  be  added  that  it  is  not  the  water 
per  86  which  the  chemist  really  analyses ;  but  his  researches  are 
directed  with  the  object  of  unveiling  and  determining  the  nature, 
and  where  possible  the  amount,  of  whatever  may  be  present, 
foreign  to  water,  whether  in  suspension  or  solution,  whether  of 
mineral  origin  or  as  one  of  the  myriad  forms  of  "life."  The 
experimental  and  analytical  methods  in  use  mainly  faH  under 
the  following  divisions — 

I.  Examination  bt  the  Senses. — Smell,  Sense  of  Taste,  and 
General  Appearance. 

II.  Physical  Examination. 

III.  Chemical  Methods. 

ly.  Biological. — Embracing  A,  microscopical  appearances;  B, 
cultivation  of  fungi  and  dormant  germs ;  C,  experiments 
on  animals  and  human  beings;  D,  experiments  on  fish. 

I.  Examination  by  the  Senses. 

^§  317.  Water  that  is  evidently  turbid,  that  possesses  an  odour 
and  an  unpleasant  taste,  requirea  no  analytical  processes  to  condemn 
it  entirety ;  such  a  vxUer  is  unsuitable  for  drinking  pwrposes,  A 
water  that  even  possesses  any  one  of  the  enumerated  bad 
qualities  will,  as  a  rule,  be  found  to  hold  in  solution  sufficient 
impurities  to  make  it  decidedly  objectionable.  Most  drinking- 
waters  when  looked  at,  or  tasted,  or  smelt,  without  special 
precautions,  have  neither  colour  nor  odour;  on  the  other  hand, 
all  waber,  if  viewed  through  a  sufficiently  deep  stratum,  possesaea 
colour. 

Colour,  — To  ascertain  the  colour  ot  water.  \\.  \a  xiAxsL'KWst  %2M^^*ak 
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to  be  pioYided  with  a  eoUmdem  f^Mm  tAiB,  «fc  IbmI  S  ftel  is 
length,  baTing  tlie  ends  ckwed  witli  pkte  ^n%  md  a  ■DdH 
opening  in  the  ride  of  the  tabe  thioog^  winch  to  poor  the  mtar. 
A  cheaper  method  of  aeeiiiing  aa  apertove  thwiMh  wkiA  ^ 
introduoe  the  water  is  to  have  a  aegment  cot  oat  of  one  off  Ike 
glass  discs,  or  a  segmentsl  seetion  out  off  the  end  of  the  fobe 
itself;  the  most  oonTenient  diameter  of  the  tnbe  is  S  iaohsi^  bet 
one  greater  or  smaller  will  answer  the  puipoask  To 
observation,  the  tnbe  is  half-filled  with  the  water  tc 
and  then  directed  towards  a  white  sm&ee,  whidi  BMff  be  a  ^ile 
clond  in  the  sky  or  an  eqnallj  illuminated  sheet  of  pmer.  The 
air-filled  space  above  the  water  then  aflbrda  an  egerfiant  SMd- 
circolar  disc  of  comparison,  and  renders  it  easj  to  deteet  the 
slightest  shade  of  colonr.  The  porest  watem  have  the  ■Kgfct*^ 
tinge  of  bine ;  the  next  in  order  of  polity  have  a  just  '^^■*^>yiiih 
able  shade  of  green.  Decided  green  tints,  Lopdon  log  hnes^  amlMr 
yellow,  and  brown  tints  are  those  possessed  by  waten  tingei 
with  peat,  containing  suspended  matters,  of  second  class  composi- 
tion, or  those  of  considerable  impurity.  * 

Smell. — Half  a  litre  of  the  water  or  more  is  warmed  in  a  large 
corked  or  stoppered  flask  to  38°  [100°  F.]  ;  a  long  glass  tube  of 
three-quarters  of  an  inch  in  diameter  is  now  inserted,  and  the 
water  sucked  up  once  or  twice  so  as  to  wet  the  side  of  the 
tube  thoroughly ;  then,  without  taking  the  tube  out  of  the  flask, 
one  nostril  is  applied  to  the  orifice  of  the  tube,  the  other  dosed 
by  the  finger,  and  deep  inspirations  or  **  snifls "  taken. 

Another  simpler  plan  is  to  warm  a  quantity  of  the  water,  with- 
out removing  the  stopper,  up  to  the  temperature  given,  then  shake, 
remove  the  stopper,  and  smell ;  a  putrid  odour  denotes  decomposing 
animal  or  vegetable  matter.  If  the  sample  is  much  pollnted  by 
fresh  sewage,  a  urinous  odour  is  not  unfrequently  distinct.  Bat, 
again,  it  may  be  specially  noted  that  water  quite  unfit  to  drink  maj 
have  no  odour,  hence  the  usefulness  of  the  test  is  limited.  A  posi- 
tive smell  teaches  volumes — a  negative  result  is  of  little  value. 

Taste. — A  few  waters,  and  a  few  only,  have  a  decided  taste. 
It  is  scarcely  to  be  recommended  that  analysts  should  taste 
samples  derived  from  fever-stricken  localities ;  but,  on  the  other 
hand,  when  there  is  no  suspicion  of  the  samples  having  been  the 

*  Messrs.  Crookes,  Odling,  and  Tidy,  in  their  report  on  the  London  waten 
supply  for  1881,  describe  an  ingenious  ''colour  meter,"  consisting  df  two 
hollow  wedses  filled,  one  with  a  brown  and  the  other  with  a  bine  aohitiaL 
Any  desired  combination  of  green  and  blue  may  be  made  by  sliding  the 
wedges  acrosa  each  other  in  fi-ont  of  a  circular  aperture  in  a  sheet  of  metali 
and  thus  Vnnta^n^  V^e  \aii\i  ol  ^«Xat  ^\A^t  ^TAxmnation ;  each  piism  ii 
^ndaiited  from  \  V>  ^,  ^A^^  ^^x«&T^\i\^i^\x\Aii^i;m^^cca^^^  ^mckaeM 

\  tiiat  paiticalat  ^ac^  ol  \»^«  '^rvsisi. 
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cause  of  anj  illness,  the  palate  maj  detect  some  not  unimportant 
peculiarity. 

II.  Physical  Examination. 

§  318.  The  physical  examination  is  mainly  microscopicaL  Dr. 
W.  Eussell  and  W.  Laplace*  have  recently  discovered,  it  is  true, 
that  with  a  column  of  pure  water  6  feet  in  length  there  is  a 
distinct  single  absorption-band ;  and  hence  it  is  probable  that,  at 
all  events,  waters  containing  desmids  and  green  vegetable  cells 
generally  would  show  particular  spectra,  but  this  has  not  yet 
been  worked  out ;  it  will  be  more  convenient  for  our  purpose  to 
consider  the  microscopical  appearances  later.     (See  p.  340.) 

III.  Chemical  Methods. 

§  319.  A  complete  examination  by  chemical  processes  embraces 
the  following  determinations  : — 

1.  Total  solid  residue. 

2.  Estimation   of  the   halogens,   chlorine,   and   occasionally 

iodine,  and  in  a  few  cases  bromine. 

3.  Phosphates. 

4.  Nitrates  and  Nitrites. 

5.  Sulphates. 

6.  Oxygen  consumed  in  the  Forchammer  process. 

7.  Free  and  albuminoid  ammonia. 

8.  Hardness. 

9.  Alkalinity. 

10.  Organic   Analysis  —  Estimation  of  organic  carbon  and 

nitrogen. 

11.  Mineral  analysis  of  water. 

The  ordinary  analyses,  sufficient  in  most  cases  to  pronounce  azL 
opinion  as  to  the  fitness  of  a  water  for  drinking  purposeSi  em* 
brace  only  1,  2,  3,  4,  6,  7,  and  8. 

1.  TokU  Solid  Eesidue, — By  the  total  solid  residue  of  a  water 
is  meant  the  substances  in  solution,  as  determined  by  drying  up 
a  measured  portion,  and  weighing  the  dried  residue ;  if  the  water 
contain  suspended  matters,  it  should  first  be  filtered,  and 
a  portion  of  the  clear  filtered  liquid  taken.  The  amount  suitable 
for  this  determination  depends  upon  the  characters  of  the  water. 
The  soft  Devon  waters  yield  a  very  insignificant  residue  from 
100  cc,  and  to  obtain  trustworthy  results,  at  least  a  quarter  of  a 
litre  is  required  ;  while,  on  the  other  hand,  with  calcareous  waters, 
good  results  may  be  always  obtained  from  100  cc.  WitK  -^^iwsri. 
the  characters  of  which  are  unknown,  i\»'s?T\\\>^\i«»\.\*i  ^-^^w^^s^^- 
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lut  dnps  an  driTot  dT  <n  Ota  waaar^alL    It  a  ti 


DMd  to  k  sntarkHtlkultr, 


for  it  u  nlvajs  open  to  the  ammrt  to  expon  tfc»  nrifaa  Am 
obtained  to  higher  temmratona.  Ue  inaMi—tinw  of  th»  aM 
Dutten  bj  the  eye  wUl  often  not  iuiBiii|m»llj  zsvmI  ■■& 
Iron  givea  a  ouppeiy  Inatn  to  tbe  diih,  Banpacae  a  pMB  to  ttl 
ash,  and  veij  pnie  vaten  leave  a  i«idaa  aliMBt  ^Aatai  Ha 
diah  with  its  oontenta  ia  nezt  beated  to  « low  ndnaa^  hj  dMol 
of  a  good  Bunien'B  burner,  forniabed  with  a  fOM^aadttaBflMiU 
and  weighed.  Note  ahonld  be  taken  ct  mj  Matin  aiiim,  or  am- 
tUUtion.  The  dish  is  again  cooled  and  wnghed,  the  loea  of  weight 
being  returned  as  loss  on  ignition,  and  this  final  residae  u 
dissolved  in  the  manner  to  be  described,  and  used  for  the 
qualitative  determination  of  the  phosphates. 

2.  Etlimation  o/lhe  I/alogetu. — The  estimation  of  chlorine  is  to 
essential  part  of  tbe  ordinary  scheme  of  water  analysis ;  thtt 
of  iodine  is  rarely  (perhaps  too  rarely)  performed,  while  so  few 
waters  contain  an  estimable  amount  of  bromine,  that  it  need  not 
be  here  described. 

Chiorine. — Chlorine  exists  in  ordinary  waters  in  the  form  of 
sodic  chloride,  and  occasionally  a  small  portion  of  the  totil 
chlorine  is  combined  with  potassium.  It  is  always  estimated 
volu metrically  by  a  standard  solution  of  silver-nitrate  (See  Af^ 
fendix),  using  as  an  indicator  neutral  potassic  chromate.  Nitrate 
of  silver  in  presence  of  potassic  chramate  and  alkaline  chlorides 
(when  the  solution  is  neutral)  first  uses  up  or  decomposes  all  the 
chlorides,  and  then  attacks  the  chromates.  Chloride  of  silva 
being  white,  and  chromate  of  silver  being  red,  the  formation  (f 
silver  chromate  is  indicated  immediately  by  a  red  colour.  At 
least  100  cc.  of  ordinary  water  (or,  if  grains  are  worked;  witfc, 
140  grains)  are  to  be  taken  for  the  determination  of  chlorina 
With  much-polluted  waters,  with  those  near  the  seaahore  or 
other  places  in  which  the  ground  is  impregnated  with  salt,  suda 
qnantity  may  be  inconvenient,  and  it  will  be  necessary  then  te 
dilate  with  distilled  water,  taking  of  the  diluted  liquid  st  known 
^f  oanti^.    In  an^   cnk,  tha  water  ia  put  into  either  »  whiU 
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the  standard  solution  run  in  from  a  graduated  burette  or  pipette. 
The  exact  termination  of  the  process  is  best  observed  through  a 
glass  cell,  in  which  a  little  pale  chromate  solution  has  been  placed. 
Since  the  eye,  looking  thus  through  yellow  light,  is  very  sensitive 
to  the  red  rays,  it  may  be  necessary — especially  where  great 
accuracy  is  required — to  repeat  the  determination  in  the  follow- 
ing way.  The  water  from  which  the  red  colour  of  the  silver 
chromate  cannot  be  discharged  by  stirring,  is  rendered  agaiA 
whitish-yellow,  by  the  cautious  addition  of  a  very  dilute  solution 
of  common  salt.  A  fresh  portion  of  water  is  titrated  in  a  fresh 
dish  or  beaker,  side  by  side  with  the  former ;  in  this  way  the 
first  permanent  difiference  of  colour  can  be  observed.  The  results 
may  be  expressed  in  chlorine  as  chlorides,  or  it  may  be  returned 
as  common  salt ;  the  chlorine  found  may  be  multiplied  by  the 
factor  1*648,  or  more  exactly  by  1*64788.  The  following  short 
table  may  feicilitate  calculation  : — 


Chlorine. 

Sodlnm  Chloride. 

1* 

1-648 

2* 

3-296 

3* 

4*944 

4* 

6-592 

5* 

8-240 

6* 

9-888 

7* 

11-636 

8* 

13184 

9* 

14-832 

10* 

16-480 

Iodine. — M.  Chatin*  has  upheld  the  theory,  that  goitre  is  caused  by 
waters  insufficiently  iodised — a  proposition  which  cannot  be  considered 
proved.  However,  although  M.  Chatin  has  failed  to  convince  the  scientific 
world  of  the  truth  of  his  tneory,  he  has  done  good  service  in  ediowing  how 
easy  the  detection  and  estimation  of  iodine  in  water  really  is,  and  in  demon- 
strating  the  fact  that  most  waters  contain  it  in  appreciable  quantity.  The 
process  which  M.  Chatin  used  in  his  researches  was :  To  evaporate  one  or 
two  litres  of  the  water  to  dryness  with  pure  potassic  carbonate,  to  calcine 
very  moderately  this  dry  residue,  and  then  to  extract  with  strong  alcohol  of 
94  per  cent.  This  alcoholic  solution  is  again  evaporated  to  dryness,  and 
moderately  calcined ;  the  last  residue  is  disMlved  in  a  very  little  water,  and 
will  show  all  the  reactions  of  potassic  iodide.  It  is  colorimetrically  estimated, 
by  palladium.  A  solution  of  chloride  of  palladium  ffives  a  distinct  colour 
with  an  infinitesimal  quantity  of  iodine ;  hence  it  is  onfy  necessary  to  have  a 
standard  solution  of  potassic  iodide,  containing  say  1  milligramme  in  100 
cc,  and  to  estimate  it  precisely  on  the  same  principles  as  detuled  (page  626) 
for  ammonia.  Mr.  Marchand,f  pursuing  the  same  line  of  researches,  has 
preferred  to  precipitate  from  ten  to  twenty  litres  with  nitrate  of  silver, 
collect  the  preciuitate  which  may  contain  the  chloride,  iodide  and  bromide  of 
silver,  and  dissolve  it  in  sodic  hyposulphite.  The  silver  is  now  thrown  out 
of  this  solution  by  sulphuretted  hydrogen,  and  the  solutioix^^VATL^ss^^xnaw 

*  Compi.  Bend.,  t,  jxxv.j  xxzix.     ^  Compt.  Rcwi.,  xxxs . 
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3.  PfaqOota.— TbQRBdaeKfk^^BntiMiita 
little  nitric  add,  and  e*apaamted  1 

ItiBB 

l,udBtH«d^niH^a 
Iftiw  Ehnte  k  Bon  ^  B  flo.  a  «hoiiU  %• 
conoenbated  to  «  Bnalkr  balk,  aad  ito  e«m  'lui—  «(  fli 
nuJybdic  aoliitioii  added. 


Mcordiiig  totheamooiitflfplN^Mrie  Mid  fttmmk.  Itavf  H 
eatimated  colorimotricidlr  I7  a  known  Mihrtiai  of  M&i  fkifHih 
bnt  this   vitk  no  gnat    acemacjr.      To  main  &  giaiJMiiiii 

estimation  of  pboepbatea,  save  in  poUnted  waten,  mtj  tcqnin 
several  litres,  and  will  seldom  repay  the  troabla  Henc«  pbflt- 
phates  may  be  retnmed  in  a  qaaUtative  msimer  as  "trao^' 
with  a  feeble  colour  ;  "  derided  evidence  "  witb  a  darker  ooloar, 
and  as  "  eatimable  amount "  if  there  should  be  a  precipitate 
The  Analyst  Committee  have  adopted  "  Iraeet,"  "Aeavy  traea,' 
and  "  very  heavy  tract*,"  as  expressing  three  degrees  of  pho^bttt 
contamination.  Such  phrases  are  convenient,  though  somewbit 
paradoxical,  and  tho  author  therefore  prefers  the  more  logial 
form  of  expression  given  above. 

4.  Ettimalion  of  Niiratet. — The  several  methods  in  use  for  the 
estimation  of  nitrates  may  be  arranged  under  thi«e  beads  : — 

(1.)  Estimation  of  nitrates  by  conversion  of  the  nitrate  into 


(2.)  Estimation  of  nitrates  by  decomposing  the  nitrate  into 
nitric  oxide,  and  measuring  the  gas. 

(3.)  Indirect  estimation  by  means  of  indigo. 

(I.)  Ettimalion  as  Ammania. — The  most  convenient  method  of 
obtaining  the  nitrogen  of  nitrites  and  nitrates  in  the  form  of 
ammonia  is  decidedly  by  the  aid  of  the  "  copper-rinc  couple' 
This  method  was  first  proposed  by  Gladatone  and  Tribe,  and 
afterwards  worked  out  in  detail  by  Mr.  M.  Whitley  ■Williama."  It 
appears  that  the  copper-zinc  couple  decomposes  nitrates  first  into 
nitrites,  and  then  the  nitrites  into  ammonia  ;  nitrites  are  presat 
to  the  last,  and  when  all  the  nitrites  have  disappeared,  it  i» 
certain  the  conversion  into  ammonia  is  complete.    A  low  tos- 
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perature,  alkalies,  alkaline  earths  and  their  carbonates,  retard  the 
reaction,  while  carbon  dioxide,  all  acids,  mineral  acids,  oxalic, 
phosphoric  and  common  salt,  as  well  as  elevation  of  temperature, 
increase  the  reaction.  In  practice,  a  temperature  of  24^  is 
recommended  as  easily  attainable. 

Manufacture  of  the  Copper-Zinc  Cotipie. — Pieces  of  clean  zinc- 
foil,  about  3  inches  by  2  inches,  are  immersed  in  a  3  per  cent, 
solution  of  cupric  sulphate,  the  zinc  rapidly  becomes  coated  with 
metallic-copper.  When  a  sufficient  coating  is  obtained,  the 
solution  is  poured  ofif,  and  the  couple  well  washed  with  water, 
finally  drained,  and  the  water  for  analysis  poured  on  to  the 
<;ouple.  It  is  best  to  do  these  processes  in  one  and  the  same 
^stoppered  bottle.  The  water  may  nearly  fill  the  bottle,  and  the 
stopper  may  be  inserted,  for  there  will  be  no  gas  evolved  until 
the  nitrates  are  entirely  decomposed.  The  water  thus  treated  is 
put  in  a  warm  place,  and  if  the  action  is  allowed  to  go  on  all 
night,  the  ammonia  will  be  ready  for  estimation  in  the  morning. 
The  quantity  to  be  taken  for  the  estimation  of  nitrates  according 
to  this  plan,  may  be  a  quarter  of  a  litre,  or,  if  English  measures 
■are  used,  say  5  ounces.  To  very  hard  waters  the  addition  of  a 
little  oxalic  acid  is  recommended.  In  any  case  where  there  is 
doubt  whether  the  conversion  into  ammonia  is  complete,  Griess's 
test,  to  be  mentioned  further  on,  should  be  used ;  and  if  there  is 
evidence  of  nitrous  acid,  the  water  must  be  left  for  a  longer  period. 
If  the  water  possesses  colour  interfering  with  the  Nessler  agent, 
or  matters  precipitated  by  Nessler,  it  must  be  distilled  in  the 
ordinary  way,  and  the  ammonia  estimated  in  a  fractional  part 
of  the  much-diluted  distillate.  In  most  cases  this  is  unnecessary, 
■and  by  taking  a  measured  quantity  of  the  water  and  diluting 
it  considerably,  a  fairly  correct  colorimetric  estimation  can  be 
made  by  the  direct  addition  of  the  Nessler  reagent  to  the  water 
thus  diluted.  It  will  be  necessary  to  subtract  from  the  amount 
of  ammonia  found,  that  which  has  been  determined  to  exist  in  the 
water  as  ammonia.  The  ammonia  derived  from  nitrates  and 
nitrites  must  be  expressed  either  as  nitrogen  or  as  nitric 
acid. 

The  Aluminium  Process, — The  metal  aluminium,  when  acted 
on  by  a  caustic  alkaline  solution,  decomposes  nitrates  into 
ammonia.  A  solution  of  soda  of  about  10  per  cent  is  prepared 
perfectly  free  from  nitrates,  by  dissolving  bit  by  bit  metallic 
sodium  in  water.  Any  convenient  quantity  (such,  e.g,,  as  100 
cc,  or  2,000  grains)  of  the  water  is  placed  in  a  suitable  retort, 
which  is  fitted  in  an  air-tight  manner  to  a  condenser,  terminating 
in  a  flask  as  in  the  arrangement  figured  at  ^9^  Zl^.  kx^  ^^^^^ 
quantity  of  the  soda  solution  iB  added,  Mi^\.Vife'«\\5^^\i«^^^^^si^ 
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free  from  animonift  ;  the  retort  is  cooled,  and  tbe  ftluminiuni-foil 
dropped  into  the  liquid,  the  whole  is  loft  over-night,  and  in  the 
morning  heat  is  applied  to  the  retort,  and  the  ammoma  distilled 
over,  and  estimated  in  the  usual  way. 

(2.)  EstimaCum  o/NitnUea  as  Nitrk  Oxide — Crum  Procea. — ^Thig 
is,  perhaps,  of  all  methods  the  meat  accnrate,  and  it  au  be 
recommended  to  those  who  possess  a  suitable  gas  apparatus  in 
perfect  working-order,  or  a  Lunge's  nitrometer.  The  principle 
on  which  the  method  is  based,  is  the  fact  that  strong  sulphuric 
acid,  acting  on  nitrates  or  nitrites  in  the  proaeuec  of  mcrcnir, 
decomposes  the  nitrates  or  nitrites,  and  the  whole  of  the  nitrc^en 
is  evolved  in  the  form  of  nitric  oxide.  The  details  of  the  pT«o<-a< 
are  briefly  as  follo*-s  : — It  is  ahsohitely  necessary,  for  the  appli- 
cation of  the  test,  that  the  nitrates  be  in  concentrated  solution  i 
hence  the  nitrstes  must  be  extracted  with  as  small  a  quantity  u 
possible  of  hot  distilled  water,  &om  the  dry  residne  of  half  a  litre, 
or  any  other  convenient  quantity,  according  to  the  nature  <rf  the 
water.  The  author  recommenda,  previous  to  this  determination, 
a  rough  indigo  nssny  of  tho  amount  rifuLtrat-'s,  which  is  us.=ful  as 
a  guide.  The  hot-water  extract  (which  contains  nitrates,  nitaritea, 
if  present,  and  GhIorides)»  is  evaporated  down  to  about  1  oa.,  and 
the  liquid  transferred  to  the  decomposition  tube,  which  ia  a  short 
tube  about  3  inches  long,  constricted  at  one  end,  and  fumisbed 
with  a  cup  and  stopcock  ;  open  at  tbe  other,  and  having  a  bore 
easily  closed  with  the  thumb.  This  tube  is  filled  with  mercury, 
inverted,  and  clamped  in  a  mercury  trough  with  the  cup  upper- 
most ;  it  is  now  easy  to  transfer  the  solution  of  nitrates  by 
pouring  the  solution  into  the  cup,  and  cautiously  opening  the 
stopcock.  The  vessel  in  which  the  filtrate  has  been  conoentrated 
is  then  rinsed  into  the  cup  with  pure  strong  sulphuric  acid,  and 
ultimately  one  and  a  half  times  the  volume  of  the  concentoated 
nitrate  solution  of  strong  sulphuric  acid  is  worked  into  the  tuba 
by  opening  carefully  the  stopcock.  No  air  must  be  allowed  to 
gain  admittance.  Should  gas  be  immediately  evolved,  it  is 
carbonic  dioxide,  and  must  be  got  rid  of,  for  nitric  oxide  is  not 
at  once  evolved.  On  tbe  mixture  of  sulphuric  acid  and  nitrat« 
having  been  transferred  into  the  tube,  the  lower  end  ia  closed 
by  the  thumb,  and  the  tube  shaken  so  as  to  mix  up  the  acid  and 
the  mercury,  when  the  gas  in  a  short  time  begins  to  oome  oS^ 
and  considerable  pressure  may  have  to  be  exerted.  When  the 
reaction  ia  complete,  the  contents  are  transferred  to  any  gas 
apparatns  and   measured.     Every  two  volumes  of  nitrio  oxide 
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equals  one  volume  of  nitrogen.     The  weight  of  the  nitrogen  is 
obtained  from  Table  LVII.  (p.  557). 

(3.)  Indigo  Process. — This  process  is  based  on  the  decolourisa* 
tion  of  indigo  when  nitrates  or  nitrites  are  decomposed  by  strong 
sulphuric  acid. 

When  certain  kinds  of  organic  matter  are  present,  the  results 
are  entirely  without  value.     On  the  other  hand,  with   careful 
working,  the  test  is  correct  with  the  great  majority  of  waters^ 
and  as  a  means  of  rapidly  determining  the  nitrates  in  unknown 
samples,  with  a  view  to  their  determination  by  other  more  exact 
processes,  it  is  very  useful.     Fourgrms.  of  siiblimed  indigotinare 
digested  for  some  hours  with  five  times  their  weight  of  Nordhausen 
oil  of  vitriol ;  the  liquid  is  diluted  with  water,  filtered,  and 
brought  to  the  volume  of  2  litres.*     A  normal  nitre  solution 
is  made  by  dissolving  1*011  grm.  of  pure  potassic  nitrate  in  one 
litre  of  water.  From  this  solution,  solutions  of  ^,  |,  y^^,  ^,  and  ^^ 
normal  are  prepared.     An  assay  is  now  made  by  mixing,  say 
20  cc.   of  the  nitre  solution  with  any  amount   of  the  indigo 
solution  deemed  sufficient,  in  a  wide-mouthed  flask  of  150  cc 
capacity.     Oil  of  vitriol  is  run  into  a  test-tube,  the  volume  being 
eqiial  to  the  united  volumes  of  the  indigo  and  nitre.     The  con- 
tents of  the  test-tube  are  then  suddenly  tipped   into  the  flask^ 
and  the  flask  transferred  to  a  chloride  of  calcium  bath  maintained 
at  140^     If  the  solution  of  indigo  is  insufficient,  the  liquid  will 
be  suddenly  decolourised  ;  if  it  is  too  much,  no  bleaching  will 
take  place,  the  liquid  still  retaining  its  blue  colour.     In  either 
case  a  fresh  determination  will  be  requisite,  and  by  doubling  or 
halving  the  amount  of  indigo  for  the  next  experiment,  as  the  case 
may  be,  the  operator  will  soon  find  the  limits,  and  five  or  six 
experiments  will  standardise  the  solution.      In  every  instance 
a  quantity  of  sulphuric  acid,  equal  to  the  united  volumes  of 
indigo  and  water,  must  be  used ;  the  indigo  solution  should  be 
diluted  so  as  to  be  about  equal  to  the  nitre  solution.     As  it  is 
found  that  the  quantity  of  indigo  consumed  is  not  precisely  in 
proportion   to   the  nitric  acid  present,   but  diminishes  as  the 
nitrate  solution  becomes  more  dilute,  the  further  standardising 
of  the  indigo  solution  by  the  more  dilute  solutions  of  nitre  already 
alluded  to  is  necessary.     The  results  may  be  thrown  into  a  table 
as  follows.     (See  Table  LIII.,  next  page.) 

The  method  of  using  the  table  is  sufficiently  obvious  to  those  who 
arc  accustomed  to  calculations  of  the  kind;  supposing,  for  example, 
20  cc.  of  the  water  used  up  6*64  cc.  of  the  indigo ;  this  is  '5  cc. 
above  the  nearest  number  in  the  table,  viz.,  6*14.     Now,  taking 

*  See  Mr.  Warrington's  excellent  paper,  Joum.  CK«mV»\  Swi\«fc^^^sK^^ 
i879,  p.  579;  also,  Frankland's  *•  Water  Ans^^wa,"  ^.^\* 
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the  extreme  right-hand  column,  the  difference  for  the  nitn^en 
Tallies  of  1  cc.  will  be  found;  and  as  there  is  in  this  oue  a 
difference  of  only  half  that  quantity,  halving  the  number  gires 
ua  -000000115  ;  this  number  has  to  be  subtracted  from  the  unit 

value  of  nitrogen  found  in  the  first  column,  thus  : — 

■000035627  -  -000000115  =  -000035512, 

which  is  the  nitrogen- value  of  each  cc.  of  the  Indigo.  Hence, 
ss  we  have  supposed  that  20  cc.  of  the  water  decolourised 
6-C4  cc  of  indigo,  the  nitrogen  as  nitric  acid  in  parts  per  100,000 
is  1-179,  or  in  grains  pergallon  -82  grain.  If  the  Indigo  estima- 
tion of  nitric  acid  is  only  a  preliminary  atep  to  a  further  and 
more  exact  determination  by  the  Crum  method,  these  refine- 
ments are  not  necessary.  The  indigo  solution  is  standardised 
once  for  all  by  the  normal  solution  of  nitre,  and  if  the  nitnttei 
are  either  very  large  or  very  small,  an  allowance  is  made. 

Nitrites. — However  important  the  detection  qualitatively  of 
nitrites  may  be,  it  is  seldom  necessary  to  determine  them 
quantitatively  ;  but  when  this  is  required  it  would  appear  that 
the  reaction  between  nitrous  acid  and  meta-phenylenediamine, 
£rBt  proposed  by  Peter  Griess,  and  since  elaborated  by  Preusse 
and  Tiemann,  affords  the  readiest  metbod  both  of  det^rtion  and 
estimation.  Meta-phenylenediamine  gives  a  red  colour  with 
nitl-DUB  add,  e^eu  \ii.  vc-t^  dilute  solution.  It  is  so  delioat*  a 
'Wgeat  aa  to  \>e  cK?Bto\«  ^il  4.eHft<^\ii%  (»■&».  -^-ei.  <A  t^!te»sia^  «iad  in 
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30,000,000  parts  of  water.     For  the  estimation  of  nitrates  by 
this  method,  there  will  be  required, — 

(1.)  A  solution  of  5  grms.  of  meta-phenylenediamine  in  one 
litre  of  water,  and  made  acid  with  sulphuric  acid. 

(2.)  Sulphuric  acid,  strength  35  per  cent. 

(3.)  A  solution  of  pure  potassic  nitrite,  strength  '01  mgrm. 
of  NgOg  in  every  cc.  This  is  best  made  by  dissolving  '406  of 
argentic  nitrite  in  hot  water,  decomposing  it  with  a  slight 
excess  of  potassic  chloride,  allowing  the  silver  chloride  to  settle, 
and  then  diluting  each  100  cc  of  the  clear  fluid  again  to  a  litre. 

The  actual  operation  is  performed  by  putting  100  cc.  of  the 
water  to  be  tested  into  a  narrow  glass  cylinder,  and  adding  first 
1  cc.  of  the  sulphuric  acid,  and  then  1  cc.  of  the  meta-pheny- 
lenediamine.  If  a  red  colour  is  immediately  developed,  less 
of  the  water  must  be  taken,  and  it  is  to  be  diluted  until 
the  colour  just  shows  itself  at  the  end  of  one  or  two  minutes. 
The  colour  thus  obtained  is  imitated  as  exactly  as  possible  by 
running  from  a  burette  a  small  quantity  of  the  standard  nitrite 
solution  into  a  similar  cylinder,  adding  a  similar  quantity  of 
sulphuric  acid  and  the  meta-phenylenediamine ;  in  short,  the 
operation  is  precisely  akin  to  ^^Nesslerising"  It  must,  however, 
be  remembered  that  the  nitrite  solutions  thus  treated  are 
continually  getting  darker,  so  that  the  final  determination  must 
be  started  simultaneously,  and  the  final  shade  observed  in  both 
at  the  end  of  the  same  interval  of  time,  which,  as  the  reaction 
is  somewhat  slow,  may  be  at  the  end  of  from  twenty  to  twenty - 
^ve  minutes. 

5.  Sulphates. — Any  convenient  quantity  of  the  water,  carefully 
measured,  is  acidified  with  hydrochloric  acid,  and  heated  nearly 
to  boiling;  while  hot,  some  solution  of  chloride  of  barium  is 
added,  so  as  to  be  in  slight  excess,  and  tbe  solution  kept  near 
the  boiling  point  for  some  time.  The  sulphate  of  barium  is 
allowed  to  settle,  collected  on  a  filter,  dried,  ignited,  and  weighed; 
one  part  of  baric  sulphate  equals  '134335  of  sulphuric  acid. 

6.  T/ie  Forcluxmmer,  Oxygen  or  Pemianganate  Process. — The 
principle  of  this  process  is  the  abstraction  of  oxygen  by  the 
organic  elements  of  the  water,  and  the  estimation  of  the  oxygen 
thus  abstracted.  *395  grm.  of  potassic  permanganate  is  dissolved 
in  a  litre  of  water,  which  gives  a  solution  containing  1  mgrm. 
in  every  10  ca,  or,  if  working  in  grains  and  septems,  2  grains 
of  permanganate  in  1,000  septems  of  water,  equalling  -01  grain 
of  available  oxygen  in  20  septems.    This  is  the  standard  solution. 

The  determination  is  now  usually  made,  as  recommended  by 
the  Society  of  Analysts,  in  two  stages,  on  t^io  ^o^'dX.  ^^^2D5<i<i««»» 
of  water,  viz. — (1.)  The  amount  oi  o"x.Ygetk.  «^as«$tVi^^  Vdl  ^s&R^^ 
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miDiitea,  and  commonly  due  to  nitrites,  or,  at  all  eventa,  sub- 


to  be  given  as  three  houn,  but  tbe  four-hours  period  is  preferable ; 
and  even  then  it  is  easy  of  proof  that,  if  the  water  be  allowed 
to  stand,  there  still  remain  matters  capable  of  being  oxidised. 
The  temperature  is  an  important  factor,  for  namerous  espcri- 
ments  have  shown  that  the  amount  of  osygen  consumed  varies 
greatly  at  different  temperatures.  The  Analysts'  Society  have 
adopted  26°-6  (30°  Fahr.),  and  in  order  to  ensure  uniformity  this 
temperature  b  here  recommended.  It  is,  however,  probable  that 
bett«r  and  more  uniform  results  would  be  attained  by  boiling 
the  water  and  permanganate  for  an  hour.  In  some  interesting 
experiments  by  Messrs.  Wigner  and  Harland,*  river  ■water,  to 
which  a  known  qtiantity  of  pure  sugar  had  been  added,  was 
found  to  have  absorbed  more  oxygen  at  tbe  end  of  two  honn; 
at  37°-7  (100°  Fahr.),  than  during  six  hours  at  15''-5  (60°  Fahr), 
and  almost  as  much  as  during  six  houra  nt  26'''6  (80°  Fahr.) 
Similiiriy,  livr-r  iviilor  cf>ntaiiyin;itivl  by  a  known  quantity  of 
urine  used  up  equal  quantities  of  oxygen  when  acted  upon  by 
permanganate  for  six  hours  at  26'''6  (80°  Fahr.),  as  it  did  wh«i 
the  process  was  accomplished  in  two  hours  at  37°'7  (100°  Fahr.) 
The  actual  operation  is  as  follows  : — 

Two  stoppered  flasks  are  taken,  and  a  quarter  of  a  litre  of 
the  water  put  in  each  [or  3,500  grains].  The  bottles,  with  their 
contents,  are  immersed  in  an  air-bath  until  the  tempenttnre 
rises  to  26°-6  (80°  Fahr.),  then  10  cc.  [or  100  grains^  of  dUuto 
sulphuric  acid  [1  :  3]  are  added,  and  the  same  qnontity  of  the 
standard  permanganate.  One  of  the  bottles  is  token  ont  at  Ui« 
end  of  a  quarter  of  an  hour,  and  two  or  three  drops  of  potassiam 
iodide  added  to  remove  the  pink  colour.  After  thorough  ad- 
mixture, there  is  run  into  it  from  a  burette  a  solution  of  sodium 
hyposulphite,  tho  value  of  which  has  been  determined  by 
titrating  10  cc.  of  the  standard  potassium  permanganate  in 
distilled  water  until  the  yellow  colour  ia  nearly  destroyed ; 
then  a  few  drops  of  starch  water  are  added,  and  the  hyposulphite 
added  until  the  blue  colour  is  just  discharged.  At  the  end  of 
four  hours  the  other  bottle  is  removed  and  titrated  in  exactly 
the  same  way.  Should  the  pink  colour  diminish  very  rapidly 
during  the  four  hours,  another  measured  quantity  of  perman- 
ganate must  bo  added. 

If  A  be  taken  to  express  the  amount  of  hyposulphite  used 
for  a  blank  experiment  with  pure  distilled  water,  B  the  vater 

*  0&  the  Actimt  of  Tennui^iDA.te  tm.'^cjv&^  '^  «Iv£k  tls^  \lnSsrant  Tmt- 
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under  examinatioiiy  and  a  the  amount  of  available  oxygen  in 
the  quantity  of  permanganate  originally  added :  then,  the  oxygen 
consumed  by  the  quantity  of  water  operated  on  would  be 

(A-B)a 
A 

or,  in  actual  figures,  10  cc.  of  a  permanganate  solation,  equivalent 
to  '001  grm.  of  oxygen,  were  added  to  a  quarter  of  a  litre  of 
distilled  water,  and  to  the  same  quantity  of  a  sample  under 
analysis.  The  distilled  water  used  40  cc.  of  hyposulphite,  the 
water  15  cc.  at  the  end  of  four  hours.  Then  the  oxygen  con- 
sumed by  the  quarter  litre  was  000625,  according  to  the  equation 

4O-15x'00I^.^^gg 
40 

or  per  litre,  '0025  [-175  grain  per  gallon]. 

7.  Ammonia,  Free  a7id  Albuminoid. — The  estimation  of  ammonia 
depends  on  the  principle  that  it  admits  of  ready  distillation 
when  it  exists  in  the  water  as  ammonia,  provided  that  the  water 
is  alkaline.  Since,  therefore,  nearly  every  natural  water  is 
alkaline,  distillation  of  water  is  alone  sufficient  to  expel  the 
ammonia.  If  a  water,  by  testing  with  cochineal,  is  found  to  be 
acid,  then  it  will  be  necessary  to  add  a  little  recently  ignited 
carbonate  of  soda  (or,  perhaps  better,  a  little  recently  burnt 
magnesia),  until  an  alkaline  reaction  is  obtained.  The  apparatus 
required  for  the  estimation  of  free  and  albuminoid  ammonia,  is — 

(1.)  A  good  large  stoppered  retort,  fitting  into  a  fall-sized 
Liebig's  condenser,  through  which  a  constant  stream  of  water 
is  running. 

(2.)  Measuring-flasks,  either  in  septems  or  litres. 

(3.)  Cylinders  made  of  clear  glass,  "Nessler  cylinders." 

(4.)  One  or  two  pipettes. 

'5.)  Nessler  reagent  {see  Appendix,  p.  553). 

[6.)  Standard  solution  of  ammonium  chloride  (see  Appendix,  p. 
553.) 

(7.)  Solution  of  alkaline  permanganate  (see  Appendix,  p.  553.) 

The  water  is  first  tested  with  a  little  of  the  Nessler  reagent ; 
if  it  shows  any  decided  colour  it  may  be  necessary  to  distil  a  very 
small  portion,  say  a  quarter  of  a  litre,  diluted  with  a  sufficient 
quantity  of  pure,  ammonia-free  water.  But  if,  on  the  other  hand, 
there  is  no  colour,  or  a  doubtful  one,  a  litre  of  the  water  should 
be  distilled,  or  a  fifth  of  a  gallon.  On  distillation,  100  ca,  or  1400 
grains,  are  collected  in  one  of  the  glass  cylinders,  and  5  cc^  or 
one-twentieth  of  its  volume,  of  clear  Etrvw-esAoxscc^  ^^^jS^sst 
solution  added.     If  there  is  any  amxcLOTua  >i\xft  ^^&>3^k^s^»  *0o»a 
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ti?sted  vill  be  tinted  or  colovndr  tke 

|mle  slnw  op  to  m  duk  ambar.     If  tibe 

deep),  it  is  impoflnUe  to  frtiwtfi  tibe 

praidi  to  jiecanicy,  mlas  tbe  dwk  lolatiwiiB 

mnd  made  up  to  definite  toIom^  cf 

frmctioiud  puts  sie  taken.    Tbe  next  step  k  to 

inonin  br  imitating  tbe  eokmr.    TUi  is  done  hf 

some  dwdlled  water  one,  tvo^  or  man  ee.^  elf  the  itandsri 

amm<miwn  cbloride  aolntion,  and  adding  emedj  theaane  tirnnt 

of  Xeader  solution  as  bad  been  added  to  An  diatilkto     lbs 

solution  is  now  nude  up  to  preeiadj  tibaauaa  bnik  an  tiba  d» 

t illate,  and  tbe  bqnids,  tbns  in  eraal  enlMnn^  coipagBd  hf  kok' 

ing  down  tbroo|^  tbem  on  toapaasplatoorwbitopGnslainlib 

or  slab. 

It  ii  important  to  compare  tbe  aolntioos  aft  tiba  aaaa  period  ef 
time,  for  there  is  a  slow  darkening  cf  eokvr,  partly  dependant  e< 
absorption  of  ammonia  from  tbe  ataMqphere^  and  paraj  doe  t» 
the  completion  of  the  reaction.  If  the  colonr  does  not  agree,  s 
<>econd,  third,  and  fourth  trial  is  made.  These  trials  may  be  much 
shortened  by  poariog  otT  a  certain  quantity  of  the  darker  liquid 
until  the  shortened  column  has  the  same  tint  as  the  longer 
column,  and  then  confirming  the  result  thus  obtained  by  an  actual 
trial.  Thus,  3  cc.  of  ammonium  chloride,  equalling  -05  milli- 
grammes ammonia,  were  found,  when  tested  in  100  ca  of  water 
with  5  cc.  of  Nessler,  to  give  too  dark  a  colour.  Hence  tbe  am- 
monia in  the  distillate  was  less  than  "05  mgrm.  What  quantity 
would  it  probably  contain  ?  The  Nessler  cylinders  were  gradu- 
ated into  parts,  and  on  pouring  off  a  certain  quantity  of  the 
darker  solution,  until  the  columns  were  equal  in  coloiir,  the  one 
column  was  67  parts  high,  the  other  80.  Hence,  if  80  parts  were 
equal  to  *05  mrgra.  of  ammonia,  67  must  be  equal  to  042;  and  it 
is  only  necessary  to  test  the  correctness  of  this  by  a  second  deter- 
mination, using  this  time  about  4  cc.  of  the  standard  solution. 

By  graduated  Nessler  glasses,  having  taps  near  the  bottom 
in  order  to  run  off  a  portion,  as  well  as  by  colorimeters,  such 
as  Mill's  and  other  like  contrivances,  '' Nesslerising "  is  much 
expedited  and  facilitated.  Nevertheless,  it  is  not  a  very  accnrate 
method  of  estimating  ammonia.  The  verdict  must  be  useful  and 
comparative,  not  accurate.  The  accuracy  of  colorimetric  estims- 
tions  of  ammonia  dei>ends  upon  the  practice  of  the  observer,  and 
the  sensitiveness  of  his  eye  for  differences  of  colour.  There  are 
many  persons  who,  from  some  physical  peculiarity  of  sight,  can 
only  distingULiBh  a  few  shades,  and  even  with  the  greatest  csze 
can  make  no  very  t^ccwreX^  wAsmxaRXxvi  ^'awrn^^Kssi^. 
Returning  to  t\i<i  slcX>x«\  «^l^I\m"ft^AOTL  ^1  ^:t^  ^\si\s\.^\^s^^ 
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must  be  distilled  in  successive  fractions,  until  no  more  free  am- 
monia is  detected  in  the  distillate.  This  occurs  generally  when  1 50 
cc.  or  200  cc.  (that  is,  one-fifth  of  the  entire  quantity)  of  the  water 
taken  has  come  over,  then  the  water  is  ammonii^free.  The  next 
step  is  to  estimate  in  the  same  water  the  albuminoid  ammonia. 

Albuminoid  Ammonia, — When  Mr.  Wanklyn  published  first 
the  albuminoid  process  it  was  very  generally  adopted,  and  it  may 
be  considered  as  yielding  quickly  certain  data,  assisting  in  the 
final  verdict  of  an  analyst.  To  the  water  about  one-tenth  of  its 
original  volume  of  the  alkaline  permanganate  {see  Appendix,  p.  553) 
is  added ;  the  water  is  again  distilled ;  successive  fractions  of  the 
distillate  are  tested  with  Nessler,  and  the  ammonia  therein  con- 
tained determined  in  the  same  way  as  in  the  free  ammonia  esti- 
matiou.  Here  the  analyst  often  has  considerable  difficulty,  from 
the  circumstance  that  evidently  the  alkaline  permanganate  often 
sets  free  certain  compound  ammonias,  which  strike  a  tint  with 
the  Nessler  re-agent  entirely  different  from  that  given  by  pure 
ammonia.  In  certain  cases  it  may,  indeed,  be  necessary  to  esti- 
mate the  ammonia  by  titrating  with  a  feeble  and  very  dilute 
acid.  The  free  ammonia  is  usually  returned  as  ammonia ;  the 
albuminoid  should  properly  be  returned  as  "  nitrogen  as  albuminoid 
ammonia."  It  is  scarcely  necessary  to  remind  the  operator  that 
all  retorts,  condensers,  &c.,  used  for  these  estimations  must  be 
ammonia-free,  and  that  ammonia  from  any  analytical  operation 
must  not  be  allowed  to  contaminate  the  laboratory  atmosphere. 
The  most  ready  way  to  render  it  certain  that  there  is  no  ammonia 
in  the  condenser  is  to  acidify  a  little  water  with  sulphuric  acid, 
and  then  distil  until  the  distillate  is  ammonia-free. 

8.  Hardness. — A.  Be/ore  Boiling. — In  a  corked  or  stoppered 
bottle  1000  grains,  or  100  cc,  of  the  water  to  be  tested  are 
placed.  The  standard  soap  solution  (see  Appendix^  p.  553)  is  run  in, 
10  grains,  or  1  cc,  at  a  time,  and  after  each  addition  the  cork  ov 
stopper  is  replaced,  and  the  bottle  shaken  violently,  and  observed 
as  to  whether  a  permanent  lather  forms  or  not.  If  not,  then 
another  measured  quantity  is  run  in,  and  so  on  until  the  desired 
effect  is  produced.  Waters  containing  but  little  magnesia  give  a 
good  lather,  and  the  reaction  is  fairly  sharp.  With  magnesian 
waters  the  reaction  is  slow,  and  not  so  easy  to  observe.  When  a 
lather  has  been  obtained,  it  is  well  to  repeat  the  expeiiment,  and 
in  this  second  assay  to  run  in  within  half  a  division  the  whole  of 
the  amount  of  soap  solution  thought  to  be  necessary;  then  a 
further  portion  of  the  soap  solution  is  run  in  very  gradually  in 
tenths  of  a  cc,  or  single  grains,  until  the  lather  is  permaneiv.t. 
The  hardness  is  expressed  in  degrees.  TBLo^ekNCt^^\i«tt.'<X>LOckax^- 
ness  18  more  than  IQ"*,  it  is  not  poaaWA^  to  ^«M\m^\Ai  ^^  ""^^  ''^^^^ 
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■way  with  aociiracy,  and  the  water  under  exAinitiatioii  must  be 
diluted  with  distilled  water  to  double  its  bulk,  and  then  theBame 
quantity  na  above  recommonded  taken  for  the  estimation  :  in  thin 
oase  the  number  ^f  degrees  found  must,  of  course,  be  multiplied 
by  2. 

B.  HarJyiegg  after  Boiling. —  A  quantity  of  water,  precisely  the 
same  in  bulk  as  in  the  foi'mer  ex[)erimeut,in  boiled  briskly  for  half- 
an-lijour,  and  made  up  to  the  original  bulk  with  distilled  water; 
filt<^red,  cooled,  and  treated  with  soap  solution,  exactly  in  the 
same  way  as  in  the  previous  c&ae. 

9.  Alkalinily.- — The  alkalinity  of  water  is  best  taken  by  using 
(vs  an  indicatoranalcoholicsolutiouof  tincture  of  cochineal,  whi^ 
is  not  affected  by  carbonic  acid,  and  strikes  a  beautiful  crimaon 
purple  colour  with  a  trace  of  alkali,  a  reddish-yellow  with  acids. 
100  cc  or  more  are  placed  in  a  tall  cylinder  of  colourless  glass,  andi 
decinormal  hydrochloric  acid  is  run  in,  drop  by  drop,  ftvm  a 
burette  until  the  colour  changes  to  a  yoUowish  hue.  The  result 
is  expressed  in  terms  of  carbonate  of  lime,  each  cc.  of  decinomial 
acid  equalling  5  mgrm.  of  carbonate  of  lime. 

10.  Organie  Analysis  of  Water:  Estimation  of  Organic  CarboK 

and  Nitrogen. — (1.)  Carbon There  are  four  main  ways  in  which 

the  carbon  in  a  water  residue  is  estimated — (1.)  as  gas;  {2.)gTBTi- 
metrically;  (3.)  nephelometrically  ;  (4.)  indirect  methods. 

{\.)CaThonasGaa. — The  first  metrhod(which  consists  inboming 
up  the  carbon  into  carbon-dioxide,  and  estimating  both  it  and  the 
nitrogen  in  a  suitable  gas- apparatus)  we  owe  to  Dr.  Frankland, 
who  proposed  and  practised  it  as  early  as  1867. 

FranklamSs  Combustion  Procesa. — A  quantity  of  water,  varying 
from  100  CO.  to  a  litre,  according  to  the  amount  of  imparity  sus- 
pected from  other  determinations  [especially  of  the  free  ammonia] 
is  evaporated  to  dryness  with  special  precautions.  These  pre- 
cautions are  mainly  two — (1.)  The  protection  of  the  sample  from 
dust  during  the  evaporating  process,  and  (2.)  the  destruction  of 
carbonates,  nitrates,  and  nitrites,  which,  it  is  scarcely  neceaaaiy 
to  say,  would  greatly  interfere  with  the  results,  and  indeed 
render  them  valueless.  Small  quantitiesof  water,  such  as  sewage 
and  the  like,  can  be  evaporated  under  any  improvised  cover,  but 
for  larger  quantities  Dr.  Frankland  recommends  a  self-filling 
circular  water-bath,  on  the  top  of  which  rests  a  flanged  ooppor 
capsule,  serving  as  support  to  a  thin  glass  dish,  in  which  the 
evaporation  of  the  water  takes  place.  The  dish  is  protected  from 
dust  by  being  covered  by  a  tall  glass  shade,  such  as  is  used  for 
fltatuettea.  The  bulk  of  the  water  for  evaporation  is  coatained 
in  a  flask,  to  tWe  ■qbuV.  ot  ■w^wjJo.Sa  ».  ipii-iai  %laaa  tube  bent  ti^ 
^iroptiateiy.     Th6aaa>t,-«\v«Q.^"iwi,-«v*\'C«v^-«»s*,^m:'^  -  -  • 
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with  this  tube,  is  by  a  quick  movement  inverted,  so  that  the  end  of 
the  tube  rests  on  the  glass  dish.  A  little  above  the  end  of  the  tube 
there  is  a  short  side  tube  bent  at  right  angles,  of  smaller  diameter 
than  the  tube  itself,  the  effect  of  which  is  that  directly  the  water 
in  the  dish  falls  below  the  little  angle  of  this  tube,  air  bubbles  up 
into  the  flask,  and  more  water  runs  into  the  dish.  In  this  way 
the  evaporating  dish  is  kept  at  a  constant  level  until  the  whole 
of  the  water  is  used  up.  The  steam  condenses  on  the  inside  of 
the  glass  shade,  and  collects  in  the  copper  capsule  underneath  the 
glass  dish,  and  is  finally  conducted  away  by  a  piece  of  tape 
which  passes  over  the  copper  lip  of  the  bath.  The  evaporation 
of  a  litre  of  water  takes  about  26  hours,  but  with  proper  arrange- 
ments it  is  continuous,  and  when  once  started  requires  no  super- 
vision. The  evaporating  time  is  really  a  small  matter,  for  the 
analyst  can  begin  it  one  morning,  and  it  will  be  ready  the  next. 
Before  the  water  is  submitted  to  evaporation  it  is  boiled  briskly 
with  20  cc.  of  sulphurous  acid ;  or  if  previous  estimations  have 
shown  that  there  is  a  larger  quantity  of  nitrogen  as  nitrates  and 
nitrites  than  *5  per  100,000,  a  larger  amount  of  sulphurous  acid 
must  be  added.  To  ensure  the  destruction  of  nitrates,  a  drop  of 
ferrous  chloride  is  added  to  the  first  dishful  of  water.  Lastly,  in 
dealing  with  waters  deficient  in  carbonates  (in  which  case  the 
sulphurous  acid,  when  oxidised  to  sulphuric,  might  not  offer  a 
sufficient  base  for  combination,  and  therefore  there  might  be  some 
destruction  of  the  organic  matter),  1  or  2  ca  of  a  saturated  solu- 
tion of  hydric  sodic  sulphite  are  added,  which  will  give  any 
sulphuric  acid,  otherwise  free,  sufficient  base  for  combination. 
When  the  evapoi*ation  is  complete,  the  next  step  is  to  remove  the 
residue  from  the  dish  and  burn  it  up  in  a  vacuum  with  oxide  of 
copper.  To  avoid  this  removal.  Dr.  Dupre  has  proposed  and  used 
a  collapsable  silver  dish  :  the  water  in  this  dish  is  evaporated 
down  in  the  usual  way,  and  then  the  dish  can  be  rolled  up  and 
thrust  into  a  combustion  tube.  If  the  analyst  does  not  use  the 
silver  dish,  the  residue  must  be  removed  by  the  aid  of  a  flexible 
spatula,  and  mixed  with  copper  oxide.  The  combustion  tube,  18 
inches  long  and  of  rather  narrow  bore,  is  cleansed  and  dried, 
and  charged  by  the  aid  of  a  small  metallic  scoop,  first  with  a  little 
coarse  oxide,  after  which  the  residue  is  mixed  with  oxide ;  lastly 
some  more  oxide  is  added,  and  in  front  of  this  is  placed  a  roll  of 
copper  gauze  which  has  first  been  oxidised  in  air  and  then  reduced 
in  hydrogen. 

The  usual  precautions  in  filling  a  combustion  tube  for  organic 
analysis  are,  of  course,  to  be  strictly  observed.     The  tube  is  now 
placed  in  a  combustion  furnace,  exhausted  of  oilL^axV}  ^^"^^t^t^^^ 
pump,  the  tube  made  gradually  Ted-\iot,  «Ji4.\i!ti^  ^%a  ^T^aJ^l  \j«ai»r 
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feired  to  a  gas  apparatus. 


Fig.  46. 
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The  present  vriter  Laa  forsaken  tlietus 
of  Sprengel  pumps,  and  for  tkia 
and  all  other  Tacoam  operatMos 
employs  the  mercniy  pnmp  de- 
scribed at  page  70,  the  figure  Of 
which  in  hei^e  r«pe»t«d.  The 
conibustioa  Inbo  is  attadied  by 
A  short  piet«  of  preasnre  tubing 
direct  to  the  bent  tnbe  at  Z, 
made  perfectly  vacuoos,  and 
when  no  air  is  delivered  into  B 
the  stopper,  F,  is  replaced  by  ths 
tube  SS'P.  AOer  having  filled 
the  thread  of  SS'P'with  mereiuy, 
and  again  seen  that  there  is  a» 
air  in  the  apparatus,  it  ahoiiM 
be  left  for  a  short  time  to  a«fT- 
ta.iii  whether  the  single  joint  is 
sound.  Any  leakage  is  dii- 
oovered  by  the  mercury  colmna 
sinking  in  AA.  All  being  sound, 
the  point  P  is  placed  anderaxiy 
eudiometer  or  gns-apparatui 
which  the  analyst  may  have,  tai 
the  combustion  proceeded  with, 
the  ens  finally  being  puinpt^ 
iijto  tlu!  measuriii!,'  aji|>3ratBl 
i.yf-l":'niiig  tlie  si(ij^-c«-k  S ,  aw) 
■king  the  reservoir  R  up  ai  ' 


doTn.  There  is  no  method  superior  to  this,  and  few  equal  to  it 
The  author  also  uses  a  gas  apparatus  somewhat  different  fr(» 
that  generally  employed.  This  apparatus  consiate  (see  fig.  47) 
of  a  reservoir.  A,  attached  by  an  india-rubber  pressure  tube  U>t 
glass  tube,  B,  which  in  its  turn  is  connected  with  the  steel  blod: 
invented  by  Mr.  J.  W.  Thomas*  The  barometer  tube,  C,  pa- 
sesses  no  stopcock,  it  being  unnecessary;  but  it  ia  filled  perfeetlj 
with  mercury,  and  then  stoppered  with  caoutchouc  and  a  bit  vt 
glass  rod,  and  finally  sealed  &om  any  air-leakage  by  a  little  cell 
filled  with  mercury  (8).  The  laboratory  tube,  T,  ia  a  glaa 
cylinder  of  J  diameter  and  5  in.  in  length,  and  provided  witt 
several  divisions  at  equal  distances.  It  is  secured  by  a  suitahl* 
damp  in  the  mercnry  trough  [this  damp  is  omitted  in  the  di«- 
gnm],  and  vhen  it  ia  wished  to  connect  it  with  the  reservoir  W 
terometec  Uiia  u  eaa^';]  «S«c^«&.\r^  A\^^sv%\t  on  to  the  tnd  of  tbe 
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tube,  I,  which  is  fitted  securely  and  permanentlj  into  the  bottoM 
of  the  mercury  trough,  and  has  been  ground  so  as  to  fit  the  end 
of  the  laboratory  tube  with  a  perfect  yet  easy  joint.  Y  is  also 
jacketed,  as  indicated  by 
dotted  lines.  The  jacket 
is  a  short  cylinder,  closed 
at  the  top  by  a  caoutchouc 
stopper,  through  which 
pass  two  tubes,  the  one 
connected  with  india- 
rubber  tubing  from  the 
barometer  jacket,  the 
other  connected  with  a 
waste  pipe.  There  is  no 
practical  difference  as  to 
the  particular  course  for 
the  water  to  take.  It 
may  enter  the  top  or  the 
bottom  of  the  jackets,  but 
there  must  be  a  con- 
stantly running  stream. 
It  is  necessary,  first  of  all, 
to  find  the  exact  milli- 
metre division  of  the 
barometer  tube,  which 
each  division  of  V  corre- 
sponds to,  and  this  is 
effected  by  directing  a 
low  power  telescope,  or, 
as  for  that,  a  tube  to  each  Fig.  47. 

division  provided  with  a  spirit  level.  It  is  also  necessary  to 
know  the  exact  capacity  of  V,  which  is  obtained  by  filling  it 
with  water,  and  allowing  air  to  gradually  displace  the  water, 
weighing  the  different  fractions  of  the  displaced  water  at  each 
division. 

To  make  an  ordinary  analysis  of  a  gas  containing  nitrogen 
and  carbon  dioxide,  the  gas  is  collected  or  transferred  into  V ; 
V  worked  on  to  I;  the  reservoir  lowered,  after  opening  the 
way  in  the  steel  block,  to  both  barometer  tube  and  laboratory 
vessel,  until  any  convenient  division  in  Y  is  reached  (a  good 
stream  of  water  running  all  the  time  through  the  jackete) ;  the 
height  of  the  barometer  tube  is  now  read,  the  temperature  of 
the  water  noted,  and  the  usual  calculations  made.  To  sJb&cstLV^ 
the  carbon  dioxide,  V  is  carefully  removed  ixoisi  o^  \,  ^^  «jwx«Rk 
taking  care  in  the  removal  that  tbe  ot^il  emd  o^  N  Sa  TkO\»XiSXiR«- 
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above  the  mercury.  A  small  bit  of  potash  is  now  melted  o 
platinum  wire  moistened  and  thniat  up  into  the  gaa  ;  it  re 
there  untJl  by  shaking  no  further  absorption  ia  observed.  Tlie 
wire  is  then  "withdrawn,  and  V  worked  on  to  I  m  before,  and 
the  gas  measured.  If  the  laboratory  vessel  is  famished  with 
platinum  wires  near  the  top,  the  apparatus  can  also  be  used  for 
analyses  by  explosion.  The  writer  prefers  to  absorb  carbon  dioxide 
in  tbo  old-fasbioned  way,  by  a  piece  of  potash,  so  as  not  to  Boil  the 
mercury  too  much  by  liquids  ;  but  when  it  becomes  a  question 
of  the  use  of  alkaline  pyrogalltc  add,  or  Nordhansen  snlphurie 
acid,  it  is  better  not  to  use  the  laboratory  vessel  described,  but  to 
Blii>  on  to  the  end  of  1  a  small  piece  of  rubber  tubing,  so  as  to 
make  the  large  end  of  an  ordinary  bui-etto  fit  mercury-  and  ur- 
tight  The  upper  and  smaller  end  of  the  burette  is  provided 
with  good  pressure  tubing  provided  with  a  ctamp,  and  by  meaiu 
of  a  bit  of  thick- walled  capillary  glass  tubing  connected  with  the 
pipette  figured. 

The  jiipette  consists  of  two  bulbs,  A  and  B.     C  is  a  thict- 
walied   glass   tube,   with  a   capillan' 
I                           i|   "^  bore  J  at  X  is  the  India-rubb«  con- 
J^                                  nection.     Before  commencing  an  ab- 
y      ^,                               sorption,  A  must  be  filled  through  B 
ll    ^\ll                             with  the  reagent;   it  is  then,  when 
Umm^       -;rr-                properly  (»nnected,  easy  to  dtive  the 
^^^r       ll^\     __{•  S^^  over  into  A,  and  also  at  the  last 
a  thread  of  mercury  sealing  C.     The 
pipette  may  now  be  disconnected  and 
well  shaken  without  any  loss  of  gts, 
and  absorption  is  far  more  rapid  thtn 
when  liquid  reagents&re  applied  in  tbe 
ordinary  manner.     An  analysis  of  s 
sample  of  air,  and  one  of  a  gas  con- 
sisting of  carbon  dioxide,  iiitric  pa- 
oxide  and  nitrogen,  may  be  cited  si 
an  example. 
T  brought  to  the  tenth   division  of  ■ 
burette  fitted  on  to  I,  barometer  tube  reading  900  mm.,  but  the 
barometer  reading   corresponding  to  division  10,   is   325  mm. 
Therefore  this  has  to  be  subtracted  :  000  -  335  =  575  mm.,  which 
is  the  pressure  of  the  total  gas.     On  taking  the  burette  off  I, 
and  inserting  a  moist  stick  of  potash,  and  again  reading  at  the 
same  division,  the  barometer  reading  is  now  899-8  mm. ;  this 
subtracted  from  900  gives,  as  the  tension  of  the  carbon  dioxiibi 
'3  turn.    IjutVy,  on.  \i&^'£'m%  \^»i  ^a  \:o.ta  the  pipette  (fig.  48), 
sobmlttuig  it  to  ^.Vft  w*A»Ti.  o    -^^-■'- "  .... 


FiR.  48. 
Air. — A   sample  of  t 
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hours  -with  frequent  shaking,  and  measuring  at  the  same  divi- 
sion, the  barometer  reading  is  780*9,  which  subtracted  from 
the  former  reading  gives  as  the  pressure  of  the  oxygen  119  mm. 
Hence 

Pressure  of  carbon  dioxide,         ....  *2 

oxygcD, 119*0 

nitrogen, 455*8 


Total  pressure,  .        .        575*0 

Since  the  temperature  was  constant  throughout,  if  the  volume 
in  percentages  only  is  required,  the  calculation  is  as  follows : — 

(1.)        575     :  '2    :  :        100= carbon  dioxide 

20-0     ^^ 
^^576='^ 

(2.)        575     :     1190    :  :        100=oxygen 

11900    ^^„ 
^'-57"5-=20-^^- 

That  is,  the  air  contained  *03  per  cent  of  carbon  dioxide,  and 
20*69  per  cent,  of  oxygen. 

In  a  determination  of  the  carbon  and  nitrogen  of  a  water 
residue  (from  a  litre),  the  following  is  an  example  of  the  method 
and  of  the  numbers  obtained  : — The  gas  was  pumped  out  by  the 
mercury-pump  direct  into  V,  V  was  then  fitted  on  to  I,  and 
measured  at  the  fourth  division ;  the  pressure  of  the  mercury  as 
read  on  the  barometer  tube  was  850  mm.j  but  since  the  division 
itself  equalled  or  corresponded  to  284,  the  total  pressure  of 
the  gas  was  850  -  284  =  566  mm.  On  now  absorbing  by  a  stick 
of  potash,  the  pressure  was  found  to  be  534,  therefore  the  ten- 
sion of  the  carbon  dioxide  was  850-584  =  266.  Two  bubbles 
of  pure  oxygen  were  now  added,  and  the  gas,  which  immediately 
became  of  a  red  colour,  submitted  to  the  action  of  alkaline 
pyrogallate;  after  this  operation  the  barometer  reading  was 
574,  and  therefore  the  pressure  of  the  nitric  peroxide  was 
584  —  574  =  10  mm.  We  have,  therefore,  the  following  deter- 
minations : — 

Division  4=23*5  cc.    Temp.  =  11' -5 

WITH- 

Tension  of  nitrogen  and  nitric  oxide,     .        .        .        900 

,,  nitro&;en, 290 

,,         the  three  mixed  gases, ....        566 

These  operations  have  furnished  three  xmaoxtecX^N^J^asaw^  A 
gases — 


i  coupoemoN  and  akalvsis. 
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A.  Volume  of  tlie  three  mixed  gasee. 

B.  Yotumu  of  nitrie  oxide  and  aitrogen. 

C.  Volume  of  uitrogen. 

Tliu  voluiuea  mutit,  therefore,  all  bp  reduced  by  the  osoal  taj- 
Dulations  to  U"  temp,  aiid  7G0  mm.  pressure. 

From  the  conechtd  volumea  the  quantities  of  carbonic  dioxide 
and  nitrogen  may  bo  reducfd  u  follows  : — 


+  C  = 


A-B=voltuiieofCO, 

=  volume  of  nitro^D. 


From  these  corrected  voluracB  of  nitrogen  and  carbonic  dioxide, 
the  weights  of  curbon  and  nitrogeu  «m  be  obtained  by  calcula- 
tion or  by  tables.  Tliere  is,  however,  a  far  simpler  meani;  of 
arriving  at  the  doaired  result  by  the  aid  of  the  following  data:— 

1.  The  woightB  of  carbon  and  nitrogen  contained  in  «<]a»l 
volumes  of  carbon  dioxide  and  nitrogen  gases,  measured  at  the 
stnnibird  temjiPrFituro  itnd  pressure,  arn  to  each  other  as  3:7. 

2.  The  weights  of  nitrogen  contained  in  equal  volumes  of 
nitrogen  and  nitric  oxide  are  as  2  :  1. 

Hence,  if  wo  assume  that  for  the  purpose  of  calculation  the 
gaseous  mixture  consists  entirely  of  nitrogen,  and  that  two 
successive  portions  of  the  nitrogen  are  removed  from  it  by  the 
reagents ;  then,  if  A  be  the  weight  of  the  total  gas  calculated 
as  nitrogen,  B  the  weight  after  abxorption  of  the  first  portdon 
(COj),  and  C  the  weight  after  the  absorption  of  the  second  fa- 
tion  (NjOj) ;  further,  if  x  and  y  represent  respectively  the 
weights  of  carbon  and  nitrogen  contained  in  the  gaseous  mix- 
ture, then  the  following  simple  equations  express  the  values  of 
X  and  y  : — 

_3(A-B)  _C4-B 


mple  given  the  calculation  is  as  follows  :' 


Log.  ofdiv.  4  (23-6cc.) 

Log.  office 

Log.  from  table  LV11,|>.  557,  correi))ojiding  to  11"' 

B. 

Log.  div.  *, 

Log.  of  300 

I-g.  frgmtabtel.VU.,v.Mn  ,c 


§  319.] 


WATER. 


536 


c. 

Log.  div.  4, 

Log.  of  290, 

Log.  from  table  LVII.,  p.  557,  corre- 
spoDding  to  11^*5,      .        .        .        . 


Carbon, 
Nitrogen, 


1-37106 
2*46239 

=     -6-20029 

-203374 

3( -02109  -  -01187) 

7 

•01187+   -01080 


=  -01060 
=  *00438 
=  -01133 


Or  the   water    contains  in   100,000  parts    '438  carbon,   1*133 
nitrogen. 

Oilier  MeUwds  of  Detemiining  Organic  Elements, — Mr.  Smethan* 
has  published  a  process  which  does  not  entail  the  drying  of 
the  residue. 

A  litre  of  the  water  under  examination  is  acidified  with 
phosphoric  acid,  and  concentrated  to  50  cc.  It  is  then  oxidised 
by  means  of  an  oxidising  mixture,  consisting  of  1  grm.  of 
bichronate  of  potash,  1  grm.  of  permanganate  of  potash,  and  20 
cc.  of  sulphuric  acid,  of  1  '4  specific  gravity.  The  liquid  is  then 
boiled,  and  the  COg  condensed  in  an  absorption  tube  on  similar 
principles  to  those  adopted  by  Dupr^  and  Hake,  the  carbonate 
of  baryta  being  ultimately  determined  as  sulphate.  In  Mr. 
Smethan's  paper  there  are  full  details,  and  the  test  experiments 
with  known  weights  of  sugar,  benzoic  acid,  isinglass,  picric  acid, 
and  urea  appear  to  be  very  satisfactory ;  but  the  writer  has  no 
personal  experience  of  it. 

In  1878  Messrs.  J.  A.  Wanklyn  and  Cooper  took  out  a  patentt 
for  a  method  of  determining  organic  matter  in  water  by  means 
of  an  alkaline  solution  of  permanganate  of  potash. 

The  solutions  required  for  this  patent  process  are  : — 

1.  A  solution  of  permanganate  of  potash,  1  cc.  of  which  is 
equivalent  to  1  milligramme  of  oxygen. 

2.  A  solution  of  ferrous  sulphate,  1  cc.  of  which  exactly 
decolourises  1  cc.  of  the  permanganate. 

3.  A  solution  of  caustic  potash  (5  per  cent). 

4.  Dilute  sulphuric  acid. 

A  litre,  or  any  other  convenient  quantity  of  water,  is  placed  in 
a  clean  retort ;  5  cc.  of  the  potash  solution  and  5  cc.  of  the  per- 
manganate solution  are  added,  and  the  water  is  boiled  until  it 
measures  about  700  cc. 

If  it  decolourises  during  this  process  completely,  another 
quantity  of  alkaline  permanganate  is  dropped  in. 

After  cooling,  10  cc.  of  the  sulphuric  acid  ^\A  ^  casi*  <iL  *^iaRk 
*  Analyst,  Sept.,  1880,  p.  156.         ■V\Ba%,  ^«!fc.^o.\5*iV. 
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li  n  rfihinwi—flii  imJ  t  HI  rflhii  irtiiiih  iilafwi  On 
f—^^g.  — iffc'i'i'  aJid  aad  5  cc  rf  far—  it|A«tP  woe  added; 
to  rohm  the  fimk  niomr  4  «c  a<  tlw  faoBaapaata  solotM 
w«i«  irq;Bired,  fctaee  the  total  penMB^aMe  oaed  was  ^ 
or^iul  $  ee.  ■»)  4  cc  fiaafij  added— tats^  S  as.  SaUraet  tl» 
5  oc.  of  fiimvs anlpfcate,  vbicft  kaTea4  ec  irf'|waiaaii|,aiial»i  iwf 
by  the  UB[MiTTti«s  in  tke  vat«T,  and  aa  fa^  cc  ia  eqaal  to  a 
miUigramme  of  oK}rgen,  it  (aUova  tkal  tfca  litre  of  irater  reqaired 
4  milligmninea  of  ozTgen. 

Ib  a  paper  oontributed  to  tiw  FkOmOfliifmt  Ma^asimt,  Us. 
Wankljn  baa  fdrtber  dc^nlofed  the  praeeM,  by  stating  thai  eim 
aoetalca  laay  be  bnmt  up  to  carttesatea,  bj  nising  the  tt-tnpen* 
tore  of  the  alValine  pennanganate  to  160°  or  ISO'  with  »<l<lition 
of  a  liltle  hvjiaied  binoxide  of  manjanes*?  lo  stop  the  t\ulntioii 
of  oxygen. 

Tliere  is  no  doubt  of  the  powerfiil  oxidismg  inflnence  at 
alkaline  permanganate,  bat  hitherto  few  chemists,  except  the 
patentees,  hare  used  this  process  methodically  in  the  examinatitHi 
of  water,  and  there  has  been  no  general  consensus  of  ofanion 
with  regard  to  its  usefulness. 

That  the  patentees  can  legally  claim  the  inTcntioa  of  oxidi- 
tioD  by  alkaline  permanganate  aa  their  own,  seems  a  propoeitioD 
hardly  tenable,  since  it  has  been  used  before  by  varioua  chemisti ; 
but  its  use  in  the  particular  manner  laid  down  in  the  patent,  and 
in  the  particulnr  proportions  given  is,  of  course,  a  different 
matter. 

Gravimetric  Ealimation  of  ilinuU  Quantities  o/  Caiitm.— 
Drs.  Duprf  and  Hske  in  1870*  published  a  method  of  gravi- 
metrically  estimating  minute  quantities  of  carbon  by  burning 
up  in  a  current  of  pure  oxygen,  and  then  absorbing  the  G0| 
thus  produced  in  baryta  water,  and  converting  the  baryta 
carbonat«  into  baric  aulphate.  A  product  wss  thus  obtained 
which  weighs  I9'4  times  as  much  as  the  carbon  originally 
present. 

The  details  of  the  process  are  as  follows  : — A  combustion  tnb^ 

open  at  both  ends,  and  about  24  inches  long,  is  drawn  out  and 

bent  downwards  at  one  end  at  an  angle  of  120°,  ao  that  it  may 

Im  Oonveniently  ftttached  to  a  Pettenkoffer's  abeorption  tube,  th« 

.  other  end  bem^  coiabcXa^,  Vj  'vac».'K&  (A  ^  van^^AWac  stopper  and 
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glass  tubing,  with  an  oxygen  reservoir.  This  combustion  tube 
is  filled  half  way  from  the  bent  end  with  granulated  cuprie 
oxide,  which  may  conveniently  be  held  in  position  either  by  pluga 
of  asbestos  or  by  platinum  wire  gauze,  or  by  a  combination  of 
both.  The  connection  with  the  oxygen  reservoir  being  then 
made,  the  greater  part  of  the  tube  is  heated  to  redness,  with  the 
ordinary  precautions,  and  a  stream  of  oxygen  (which  is  first  con- 
ducted through  a  long  tube  containing  caustic  potash)  is  passed 
over  the  glowing  oxide  of  copper  until  the  issuing  gas  ceases^ 
after  long  bubbling,  to  cause  any  turbidity  in  the  bright  baryta, 
water.  As  soon  as  this  point  is  reached,  the  portion  of  the  com- 
bustion tube  preceding  the  layer  of  cupric  oxide  is  allowed  to 
cool  somewhat,  and  the  tube  is  now  ready  to  be  connected  with 
the  absorption  apparatus.  The  clean  absorption  tube  is  care- 
fully rinsed  with  water,  and  is  clamped  in  front  of  the  furnace  in 
such  a  manner  that  its  bulb  end  is  somewhat  higher  than  the 
end  to  be  connected  to  the  combustion  tube.  Both  ends  must 
be  provided  with  convenient  stoppera,  consisting  of  short  pieces 
of  caoutchouc  tubing  closed  with  a  small  piece  of  glass  rod.  The 
stoppers  being  removed,  air,  which  is  first  caused  to  pass  through 
a  tube  containing  caustic  potash,  is  pumped  through  the  tube  for 
about  two  minutes,  and  it  is  then  filled  with  baryta  water  as 
follows  : — The  baryta  water  (of  strength  1*5  per  cent.)  is  kept 
in  a  sufficiently  large  stock  bottle,  provided  with  a  caoutchouc 
stopper,  through  which  pass  two  bent  glass  tubes,  the  long  one 
for  syphoning,  the  shorter,  to  which  a  potash  tube  is  attached, 
being  connected  with  a  small  hand-bellows.  In  filling  the 
absorption  apparatus,  the  longer  syphon  tube  is  connected  with 
it  by  means  of  flexible  tubing,  and  the  baryta  water  is  forced 
over  by  gentle  pressure  of  the  bellows,  the  bulb  end  of  the 
absorption  apparatus  being  provided  with  a  potash  tube.  As  soon 
as  the  absorption  apparatus  is  half  filled,  the  flow  of  baryta  water 
is  aiTcsted ;  the  ends  of  the  Pettenkoffer  tube  are  immediately 
closed  by  its  stoppers,  and  it  is  now  ready  for  use.  By  these 
means  the  tube  is  filled  with  perfectly  clear  and  bright  baryta, 
water.  The  absorption  apparatus  is  now  connected  with  the 
combustion  tube,  and  the  combustion  proceeded  with.  Tha 
silver  dish  containing  the  water  residue  having  been  inserted 
just  behind  the  copper  oxide,  it  is  burnt  in  a  slow  current  of 
oxygen,  and  the  carbon  dioxide  is  absorbed  and  converted  into 
baric  carbonate  in  the  absorption  tube.  In  order  to  filter  off 
and  convert  the  baric  carbonate,  a  funnel  and  filter  are  arranged 
to  stand  over  a  beaker  containing  a  layer  of  caustic  ^tAa&h. 
solution  at  the  bottom,  the  whole  bem^  covet^  Vj  ^  \i^^  >?2t> 
which  itself  stands  in  a  layer  of  cauE\»\c  -^Vas^  wJtoJutfs^*   ^\>aft 
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monUi  of  the  bell  jar,  which  ia  iinmediatclj  orer  the  fdmiel,  it 

cloned  bj  a,  thick  caoutchouc  cap  with  two  narrow  opeiuiiga,  on^ 

of  which   ia  prorided  with  a  c*u9Uc  potash  tabe.    (Sod*  liiatf 

Apparently  aitsweTs  equ&llj  well-)    The   other,  which   is  tenk 

porarilj  stoppered,  contains  a  straight  gl^ss  tube,  placed  imma-. 

duttely  over  the  filler  eo  that,  after  th«  whole  airangemeDt  hi> 

been  left  some  time  to  itself,  in  order  that  all  eudoaed  air  tnaf 

be  free  from   COj,   direct  connectioii  may  be  made   with  tblj 

Pettenkafler  tube  by  mentis  of  flexible  tubing  sufficiently  long  ta 

admit  of  some  slight  freedom  of  action,     f^trxtion  may  thus  hs 

carried  on  without  danger  of  CO^  being  introduced  from  tb4 

ntffiosphere,  the  additional  precaution  being  taken  of  coupelling 

all  air  which  passes  through  the  Fettenkoffer  tube  during  thai 

process  of  filtmtton,  to  puss  through  a  tube  cootaining  can 

,      potash  attached  to  the  tube  itself.     The  washing  of  the  pi 

■     pitate  in  the  tube  and  on  the  filter  is  effected  almoat  entin^ 

I     with  boiling  water,  which  haa  been  previooHly  saturated  witft 

'     carbonate  of  bHrium  [solnbilitv  1   in   15,000].  but  finally  with  ft 

ing,  the  tube  ia  disconnected,  and  the  filter  ultimately  rinsed 
round,  while  still  under  the  bell  jar,  by  means  of  the  long  tabe 
already  mentioned,  and  which,  when  not  clamped,  may  be  moved 
freely  in  all  directions.  The  bell  jar  is  then  removed,  and  the 
precipitate  ia  rapidly  washed  together  into  the  bottom  of  the 
filter. 

The  Fettenkofier  tube,  which  may  contain  minute  particles  irf 
baric  carbonate  not  removed  by  the  washing,  ia  rinsed  twice  with 
small  quantities  of  dilute  pure  hydrochloric  acid  (about  1  in  50), 
and  finally  with  distilled  water  i  the  rinsings  are  poured  on  to 
the  filter  on  which  the  greater  mass  of  baric  carbonate  is  already 
collected.  The  filter  b  further  washed  with  dilute  hydrochloric 
acid,  and  finally  with  distilled  water ;  and  the  whole  of  the 
solution  of  Iwric  chloride  so  formed  ia  carefully  collected  in  a 
small  beaker.  The  quantity  of  such  solution  need  not  exceed  50 
cc.  This  solution  of  chloride  of  barium  has  next  to  be  evaporated, 
which  is  beat  done  in  a  platinum  vessel  on  the  water-hath.  It  is 
then  transferred,  when  greatly  decreased  in  bulk,  to  a  much 
smaller  platinum  diah,  weighing  about  5  grms.,  and  finally 
evaporated  to  dryness  after  the  addition  of  a  few  drops  of  pore 
sulphuric  acid.  The  dish  and  its  contents  have  then  to  be 
ignited,  the  residue  moistened  with  a  drop  of  nitric  add  KoA  re- 
dried,  and  the  whole  re-ignited  and  weighed  to  conclude  the 
S aeration.  The  amount  of  carbon  present  is  obtained  by  dividing 
e  weight  of  tho  Wric  avA^W^Ni;^  \^-^. 

tlmnttriti    Method,— TVcia  "Yn%iftT;vi-aa  -ai%'^^  '•^  -iab  ■««* 
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to  Dupr6  and  Hake.  Tlie  carbonic  acid  resulting  from  the 
combustion  of  an  organic  residue  is  passed  into  perfectly  pure 
clear  solution  of  basic  lead  acetate,  and  the  turbidity  produced 
is  imitated  by  known  weights  of  CO2 ;  in  fact,  the  operation  is  a 
colour  method  conducted  on  the  same  principle  as  ''  Nesslerising/' 
with  this  important  difference,  that  no  success  will  be  obtained 
unless  there  are  special  precauiions  taken  to  prevent  the  con- 
tamination of  the  solutions  by  the  breath  and  air,  &c 

The  AtUJior^a  Method  of  UsHmcUing  MintUe  QtiantUiea  of 
Carbon. — The  writer  in  1881  made  some  very  extended,  and  as 
yet  unpublished,  experiments  on  the  estimation  of  organic  carbon 
in  the  air,  and  the  method  was  afterwards  extended  to  all  esti- 
mations of  minute  quantities  of  carbon  dioxide,  in  which  the 
balance  from  the  small  quantity  present  was  likely  to  give  less 
accurate  results  than  measurement  as  a  gas. 

The  method,  briefly,  consists  of  a  suitable  arrangement  by 
which  the  carbon  dioxide  is  absorbed  in  a  solution  of  caustic 
potash,  and  ultimately  evolved  as  gas.  The  arrangement  for 
evolving  the  carbon  dioxide  absorbed  as  a  gas  is  the  same  as  that 
described  at  page  99,  and  is  simplicity  itself;  in  fact,  the 
materials  for  the  estimation  merely  consist  of  a  flask  with  a 
caoutchouc  cork,  rod,  and  Bunsen's  valve,  an  ordinary  eudiometer 
and  mercury  trough,  and  lastly,  a  little  test  tube  with  sufficient 
acid  to  more  than  neutralise  the  potash.  The  solution  in  the 
flask  is  boiled  briskly  until  all  air  is  expelled,  then  the  beak  of 
the  tube  is  put  under  the  eudiometer,  and  the  glass  rod  lifted  up 
a  little  to  allow  the  test  tube  to  fall.  A  brisk  effervescence  takes 
place,  and  the  whole  of  the  gas  as  pure  COg  is  boiled  out  into  the 
measuring  tube.  At  first  the  author  always  proved  its  purity  by 
again  absorbing  it  with  KHO,  but  as  the  result  was  always  per- 
fect absorption,  this  was  abandoned.  Of  course,  the  gas  is 
reduced  to  standard  pressure  and  temperature. 

That  this  method  is  applicable  to  the  determination  of  the 
minute  quantity  of  carbon  in  a  water  residue  is  obvious.* 

Mineral  Analysis  of  Water, — Ordinary  drinking  water  holds 
dissolved  but  few  saline  matters,  and  when  an  analyst  has 
determined  chlorine,  nitrates,  sulphates,  phosphates,  and 
carbonates,  and  also  lime  and  magnesia  and  alkalies,  he  will 

*  Other  methods  of  determining  organic  elements  have  been  proposed ; 
cue  of  the  most  recent  is  a  proposition  to  estimate  nitrogen  as  NHs,  by 
first  treating  the  water  with  the  zinc  copper  couple,  expellms  the  ammonia 
thus  produced  by  the  decomposition  of  nitrates ;  boilmg  the  solution  to 
dryness  with  caustic  soda  in  a  copper  flask,  ultimately  raising  the  heat  to 
incineration  ;  and  condensing  the  products  formed,  and  Nesslerisina.— €a^ 
**  On  a  Method  of  Estimatmg  Organic  Nitro^g^iit*^  \s^  ^^i^^kiassjL  Y«J*^ — 
Chemical  News,  Jan.  27,  1882. 
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usually  find,  on  Adding  the  several  amoutita  together,  that  he  gets 
uumbers  vury  nearly  equal  to  the  solid  saliiiB  residua  An 
escelleut  method  of  approidmately  estimating  the  v&rioas  aalina 
oo&atituents  of  a  watei-  is  to  evaporate  down  to  dryness  a  Icnova 
quantity,  then  to  treat  the  residue  with  a  little  hot  water,  which 
will  dissolve  all  the  soluble  salts  out,  but  leave  insoluble 
carbonate  of  lime  and  silica.  In  the  soluble  portion,  the  solubls 
lime,  the  magnesia,  and  the  alkalies  are  determined;  the  chloride^ 
salphates,  and  nitrates,  are  estimated  on  the  unconcentrsted 
water  by  the  processes  already  detailed.  It  is  also  always  open 
to  make  the  analysis  in  the  old-fashioned  way,  that  is,  to 
evaporate  down  a  large  quantity  of  water,  to  separate  the 
silica  by  treatment  of  the  ash  or  residue  with  hydrochloric 
acid,  and  after  separation  of  the  silica  to  divide  the  solution  into 
three  or  four  quantities,  in  which  sulphurie  acid,  lime,  magneida, 
&c.,  are  determined  by  the  ordinary  methods. 


IV.  Biological  Methods. 

§  320.  A.    Microscopical   Appearanixs. — To    make  > 

H      microscopical  examination  of  water,  it  is  necessary  io 
collect    the    sediment   or   deposit   which    falls    to  the 
bottom  of  the  vessel  in  which  the  water  stands.     The 
most  convenient  way  of  doing  this  is  to  use  the  author's 
tube  (fig.  40),  which  holds  a  little  more  than  a  litre. 
The  little  glass  cell  G  is  adjusted  to  the  pipette-Uke 
end,  the  rod  is  removed,  and  after  introduction  of  the 
water  the  tube  is  covered  and  set  aside  for  twenty-four 
hours.     At  the  end  of  that  time  any  deposit  will  have 
collected  in  the  glass  cap.     On  now  carefully  inserting 
the  rod-like  stopper,  the  cap  or  cell  can  be  removed  with 
great  ease,  and  its  contents  submitted  to  microscopical 
examination.    With  very  pure  waters  merely  a  little  sand 
or  formless  debris  collects  in  the  cap,  and  there  ia  no  life. 
If,  however,  in  the  first  place  eight  or  ten  gallons  an 
allowed  to  deposit  in  a  capacious  vessel,  most  of  the 
water  run  off,  and  then  the  last  litre  rinsed  into  the 
W      tube,  in  nearly  every  case  there  may  be  a  few  life-forms 
\   9        and  sufficient  matter  collected  to  give  deiiiute  reanlta. 
It  need  scarcely  be  said  that  an  opinion  must  not  be 
™^       formed  upon  a  microscopical  examination  without  taking 
Fig.  49.     into  account  the  amount  of  water  from  which  the  sedi- 
ment baa  been  collected,  and  a  definite  quantity  ahonld 
be  generally  agrefcd  oti\i^  a.-ui^^ft'^.    kafc^  \.Vi.«  present  writer's 
ictice— wbeu  a  ^a.WoTi  ol  ■^^.'wt  'Ct«tr«%  ^-s^-a.  lai:^  -oiEMaL 
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matters  and  a  little  scanty  unrecognisable  debris  without  life- 
forms — although  kept  for  at  least  twenty-four  hours  at  a 
temperature  of  from  15*  to  17",  and  exposed  to  the  daylight — 
he  considers  it,  in  a  microscopical  sense,  pure.  The  contents 
of  the  little  cap  may  be  conveniently  examined  as  follows : — 
By  the  aid  of  a  pipette  one  or  more  drops  are  placed  under 
the  microscope  without  any  preparation,  others  are  divided 
upon  several  slides,  and  treated  with  (1.)  dilute  iodine  solution, 
which  will  colour  starch  cells  blue ;  (2.)  aniline  violet* — ^this 
is  par  excellence  the  staining  fluid  for  bacteria;  (3.)  solution 
of  carmine  in  glycerine  and  alcohol,  which  colours  the  nuclei  of 
cells  red.  It  will  be  advisable  to  work  at  first  with  a  low  power, 
so  as  to  get  a  general  idea  of  the  nature  of  the  larger  and  more 
opaque  particles,  and  then  afterwards  investigate  with  the  highest 
powers  which  the  analyst  possesses.  In  using  low  powers  it  is 
not  well  to  place  any  covering  glass  over  the  drop,  especially  if 
a  binocular  be  employed,  for  the  convexity  interferes  in  no  way 
with  the  definition.  The  matters  likely  to  be  found  in  a  water 
residue  are— 


1.  Lifeless  Forms, 

1.  Mineral  Matters,  especially  sand,  clay,  and  not  unfrequently 
fine  spicula  of  glass  derived  from  the  glass  pipette,  &c. 

2.  Vegetable  Matters. — In  shallow  pools,  in  rivers,  reservoirs, 
and,  in  fact,  all  open  waters,  the  microscopist  seldom  fails  to  find 
vegetable  debris  in  the  shape  of  dotted  ducts,  spiral  vessels, 
parenchymatous  cells,  bits  of  cuticle  with  the  hair  still  adhering, 
the  down  of  seeds,  roots  of  duckweed,  bits  of  chara,  &c.  It 
depends  on  the  amount  as  to  what  conclusions  are  to  be  drawn ; 
but  this  is  certain,  that  a  water  showing  these  matters  is  not 
likely  to  be  from  a  deep  spring,  but  one  over  which  the 
atmosphere  more  or  less  freely  plays. 

3.  Dead  Animal  MaUers — (a.)  Purely  Animal^  such  as  hairs 
from  domestic  or  wild  animals,  striped  muscular  tissue,  the 
scales  of  moths,  butterflies,  or  other  lepidoptera,  eggs  of  entozoa 
(which,  of  course,  may,  for  aught  we  know,  be  living). 

(6.)  Human  Debris, — Human  hair,  human  epithelium. 

(c.)  Manufactured  MaUers. — Wool,  silk,  &c.  All  animal 
matters,  whether  derived  from  insect,  human,  or  domestic 
animal  life  cannot  be  considered  a  favourable  indication;  and 
even  the  presence  of  cotton,  silk,  hemp,  and  the  like,  though 

*  The  common  aniHne  violet  Vsk  «aum«c«N«ii  *^t^* 
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innocuous  in  themselves,  yet  HlTord  evidence  that  the  water  is  ia 
snch  A  position  as  to  be  liiible  to  accidental  contamisation. 

2.  Living  Forms, 

The  lower  forms  of  vcgotublo  and  animal  life  spring  from  t, 
common  point,  so  that  it  is  in  certain  cases  impossible  to  de- 
finitely ascribe  life-forms  to  either  kingdom ;  nevertheless,  it  is 
convenient  to  divide  provtKionttlly  the  microscopic  life-forma  into 
(a.)  vegetable,  {b.)  animal. 

(a.)  Vegetable. — The  most  common  vegetable  forma  aro  conferrs, 
oaci)la.toria,  volvocime,  deamids,  diatoms,  and  bacteria.  To  these 
may  be  added  the  green,  or  sometimes  red,  cells  of  palmellse,  and 
the  moving  reproductive  spores  of  confervoida,  chane,  &o.  AH 
of  these,  except  the  bacteria,  diatoms,  and  certain  spores,  are 
distinguished  by  poBsessing  cells  holding  "chlorophyll,"  and  ns 
such,  always  denote  water  which  is  exposed  to  daylight 
Desmids,  beautiful  mieroBcopic alga.',  coiisistinp always 
of  two  symmetrical  cells,  are  in  colour  n-iniirkulilv  ^icr  ■! 
one  of  {be  most  common  is  a  3pecik>s  of  ili.-dinmi  i;;_-. 
50).  Desmids  have  been  referred  to  by  Dr.  Macdonald  as 
rather  indicating  a  good  water.  It  is  true  that  desmids 
occurring  by  themselves,  with  no  other  indication  of 
animal  and  vegetable  life,  could  in  no  way  be  pronoonced 
injurious.  Thefact,  however,  remains  that,  as  a  result  of 
over  ten  years'  experience  in  the  almost  daily  analysis  of 
Fig.  60.  water,  the  writer  has  never  found  desmids  except  in 
more  or  less  surface  supplies  of  water  abounding  with 
impurity.  Tbediatoms,  which  are  composed  of  a  siliceoas  skeleton 
clothed  by  a  sarcode  substance,  consist,  like  the  desmids,  of  two 

I  exactly  similar  parts ;  they  possess  no  chlorophyll,  and 

probably  belong  to  the  animal  kingdom.    Pig.   51  is 
Diatom  milgare,  very  frequently  found,  and  by  itself 
certainly  affording  no  indication  of  a  bad  water-     In 
&ct,  diatoms  generally  are  of  little  importance. 
„     ..  Bacteria. — This  family  of  late  years  has  exrited  % 

^'  most  extraordinary  amount  of  attention  and  investiga- 

tion, from  the  fact  that  certain  forms  of  bacteria  have  been  found 
the  invariable  associates  of  some  virulent  diseases,  as,  for  example, 
malignant  pustule.  Bacteria  are  forms  of  extreme  minntenese; 
the  earliest  appearance  being  that  of  points  just  visible  with 
the  highest  powers  of  the  microscope.  Cobo  defines  them  as 
chlorophyWAeaa  ceWa  of  globular,  oblong,  or  cylindrical  fitrm, 
multiplying  excVuavjeVj  tWow^  tie\\  SvjSMiiKi,  ■a.'od.  vegetating 
either  iaoYateA  or  vn  fenniawa.    "SaiA*-™.  <kkot  \a.  's^Sjst.^^^'a. 
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clouds,  well  seen  if  a  dead  animal  is  allowed  to  putrefy  in  a  salt 
water  aquarium ;  (2.)  as  an  iridescent  film  on  the  surface  of 
water;  (3.)  as  a  pulverulent  precipitate.  The  precipitate,  where 
bacteria  are  plentiful,  may  form  quite  a  layer,  looking  to  the 
naked  eye  like  fine  white  clay,  but  consisting  of  heaped  up 
myriads  of  bacteria.  Bacteria  possess  a  motionless  and  an  active 
condition ;  the  movements  are  either  those  of  rotation  round  their 
axis,  or  a  passive  bending  and  unbending  of  the  curved  forms. 
They  are  often  in  water  very  difficult  to  observe,  because  their 
index  of  refraction  is  so  like  that  of  water  itself.  The  beautiful 
photographs  which  Dr.  Koch  has  taken  of  various  bacteria*  show 
that  they  are  not  bounded  by  very  definite  lines,  but  that  the 
dark  body  gradually  blends  into  a  gelatinous  border  or  membrane. 
However  difficult  it  is  to  observe  bacteria  when  unstained,  the 
aniline  colours  easily  make  them  visible,  and  then  it  is  at  once 
seen  how  widely  disseminated  they  are.  Dr.  Kochf  recommends 
for  photographic  purposes  a  fluid  containing  bacteria  to  be  treated 
thus  :  A  drop  of  the  fluid  is  taken  out  and  placed  on  a  glass  slide, 
and  covered  with  the  usual  thin  covering  glass.  When  the  drop  is 
dry  or  nearly  so,  it  is  remoistened  with  a  solution  of  acetate  of 
potash,  1 : 3,  and  then,  if  required,  stained  by  an  aniline  brown ; 
for  mere  detection  of  bacteria  the  methyl  violet  before  alluded  to 
is  best,  and  one  or  two  minutes  immersion  in  a  watery  solu- 
tion is  sufficient.     CohnJ  divides  bacteiia  thus — 

I.  SpHiGROBACTERiA  (Kugelbocterten),  minute  jostling  spheres. 
The  cells  are  of  an  oval  form,  the  dark  body  passes  into  the 
continuous  membrane,  and  is  not  to  be  well  separated  from  it  ; 
they  occur  in  short  chains  or  groups  of  3,  4,  and  8.§  To  this 
division  belong  the  ferment-producing  (zymogenous)  bacteria,  as, 
for  example,  Micrococcus  urecB,  always  found  wherever  th^e  is 
ammoniacal  putrefaction.  Another  group  is  the  Chromogenous, 
or  colour-producing,  as  the  Ai.  prodigioaus,  or  blood-stain  on 
bread,  J/,  violaceous,  discovered  on  slices  of  boiled  potatoes, 
and  many  others.  Another  important  subdivision  is  the 
'^Pathogenous,'*  or  disease-producing,  c^.,  M,  diphtherici,\\  M, 
vaccinnice,  &c. 

II.  MiCROBACTERiA    {Stabchmbocterien,) — Minute  short  rods. 

*  '^Untersachungen  iiber  Bacterien;  Verfahren  zar  UDtersuchung,  zam 
Conserviren  n.  Photographiren  der  Bacterien,  von  Dr.  Koch.  Beitrage  zur 
Biologic  der  Pflanzen.*'    Breslaa,  1877.  +  Op  cit, 

X  **  Untersuchungen  iiber  Bacterien,  von  Dr.  Ferdinand  Cohn.  Beitrtlge 
zur  Biologic  der  P&nzen.*'    Breslau,  1872. 

§  Pastear  calls  single  bacteria  "monads,^*  when  in  gelatinotis  masses 
" mycoderma.^^    [Cohirs  "Zooglea."] 

11  Oertel :  Experimentelle  Untersachnngeii  ^\»qx  \>V^>^c;n&,      'D«ttXMi\^ 
A  rchiv/ur  Klinische  Medizin,    Band  vii. ,  Yftl \ , 
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This  second  clasw  is  sepflrated  from  tlie  first  by  their  pby^ological 
uctivity,  by  tlipir  aliort  cylindrical  form,  and  the  spontaneotu 
movement  of  the  cell.  B.  Urmo  is  par  txcdhnee  the  bacteria  of 
putrefaction,  and  ia  the  little  organiam  to  be  fonud  whenever  and 
wbereveranyammal  substance  decays.  The  bacteria  nearly  always 
occur  in  pairs  or  dividing ;  they  consist  of  very  minuttj,  little, 
short,  cylindrical  massea,  either  clear  and  trackSparent  or  blackish ; 
there  is  a  rather  thick  surrounding  membrane.  B,  Uneola, 
another  member  of  this  family,  is  larger,  and  is  found  in  brooki 
and  standing  water  ;  the  cells  are  four  times  longer  than  broad, 
and  have  a  strong  refracting  fatty  nucleus. 

III.  Desmobacteria  (f o(fen6a«fer*Vii}. — Thread  or  &l&ment-liki' 
bacterin.  The  bacteria  are  in  the  shape  of  threads,  some  of  them 
of  great  length.     B.  anthracU  Cohn  puts  in  this  class. 

iV.  Spirobactehia  {Svhraubenhaelerien). — Spiral  or  screw-like 
filaments.  This  class  includes  Tibrios  and  various  a])eciw  of 
spirillum. 

The   universal    prosencn   of  bacteria,  especidlly  of  the  more 

conclusions,  if  he  finds  a  member  or  go  m  water.  If,  however, 
water  contains  them  in  sufficient  quantity  to  be  a  marked  or 
unusual  feature,  auch  a  water  should  be  emphatically  condemned. 
{b.)  A7iiTnai  Formg. — Without  taking  into  consideration.  varioDS 
water  insects  which  can  be  seen  with  the  naked  eye  (_e.g.,  water 
deas),  but  confining  the  attention  solely  to  the  microscopic  forms  of 
life,  there  is  such  an  inexhaustible  variety  of  the  latter  that  it 
takes  a  special  study  to  ascribe  to  each  form  ita  particular  species; 
fortunately,  this  to  the  analyst  is  not  necessary,  and  it  may  it 
once  be  laid  down  that  if  the  deposit  from  a  reasonable  quantity 
of  water  (for  example,  a  gallon)  exhibits  forma  of  infuaoriaL  life, 
the  water  cannot  be  pure.  For  although  from  all  nataral  water, 
if  a  sufficient  bulk  be  taken,  it  is  possible  to  extract  life-forms, 
yet  all  good  drinking-water  is  devoid  of  such  when  moderate 
<]uantities  are  taken  for  the  search.  There  are,  however,  certain 
animalcules  (types  of  which  are  figured)  that  specially  point  to 
sewage  contamination.  This  class  faavebeen  called  "saphropbilw.** 
They  include  moat  ciliated  forms,  such  as  Paramecium,  (fig.  Sifi], 
glaucoma,  aa  well  as  vorticella  (fig.  52,1),  amoeba  (fig.  S2,6),aad 
others.  It  will  not  be  necessary  to  use  any  special  colonring- 
agents  to  see  infusoria,  for  they  are  quite  sufficiently  visible 
without  any  special  reagent.  M.  A.  Certes  has,  however,  found 
out  a  col  curing  matter  which  concentrates  itself  in  certain  parti 
of  living  infusoria,  and  may,  therefore,  be  of  some  utility;  tltii 
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reagent  is  qninoleme  or  ojanine,  and  it  appean  ohiefly  to  ooloor 
the  fatty  puts  of  the  protoplasm.  He  coneiders  it  a  reagent  for 
living  &t.* 


Fig  52: 
1.  Colony   of    Vorticell*.      2.   Ozytncha  ^giuu      ^-  "B^vOTua*.       ^ 

PiuMnmcium  cAadttam.     S.   Amceba.     9.  CU\oden. 

•  ComfUs  flerd'is,  xcii.  \'&.  ^ 
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R  CuUivalumo/Germg,  Fiingi,&c. — If  abottleofwatercarefullj- 
corked,  and  placed  at  a  fermentatioti-teinpeT&tiire  20°  to  34', 
contain  an^  putreecoDt  matter,  the  water  acquires  a  disagreeable 
smell,  and  when  examined  microscopically  swarms  with  B.  Uma 
or  other  forms  of  low  life.  This  simple  test  anyone  can  make  for 
himself,  and  it  is  perhaps  too  much  neglected.  The  best  way 
to  examine  water  thus  fermented  is  to  place  a  qnantity  of  it  in 
the  special  tube  figured  at  p.  540;  and,  after  adding  a  fe« 
dro{>a  of  a  1  per  cent,  solution  of  osmic  acid,  to  allow  it  to  stand 
for  some  honrs,  then  collect  the  sediment  in  the  cap  for  micro- 
scopical exainioation,  after  the  addition  of  methyl  violet  and 
other  staining  reagents.  The  osmic  acid  kills  the  life-forms,  and 
they  gradually  sink  to  the  bottom. 

ffeigch'H  Sugar  Test — Another  fermentation  method  now  mucli 
in  use  among  analysts,  is  simply  the  addition  of  sugar  to  Uir 
water  under  examination,  when,  if  the  water  contains  the  mer^i 
trace  of  sewage,  a  special  fungus  develops.  The  details  of  tb<< 
test  are  as  follows; — 

A  clean  stoppered  bottle,  of  any  convenient  size,  is  filled  witli 
the  water,  and  a  few  grains  of  pure  white  sugar  added.  The 
bottle  is  now  to  be  carefully  8top]>erBd,  and  placed  at  a  fennen- 
tation  temperature  (2C°  to  27°).  The'growth  of  the  fungns  i» 
rapid;  at  first  small  cells  with  a.  hright  nucleus  appear,  changin;; 
within  six  hours  to  moniliform  threads,  and  fioally  to  cell* 
mixed  with  mycelium.  To  trace  the  stnges  of  the  growth,  it 
will  be  necessary  to  examine  from  time  to  time  the  liquid  by  tl« 
microscope;  but  the  coarser  changes  may  be  watched  with  tie 
naked  eye :  any  water  decidedly  contaminated  by  sewage  becomes 
quite  turbid  with  the  fungus  in  about  twelve  hours. 

C.  Experimenla  oil  Aminalu  and  Human  Beings. — The  biol(^<^I    ' 
examination  of  water  embraces   iictual  experiment  on  animnk 
Concentrated  alcoholic,  ethereal,  or  aqueous  e-'ttracta  of  the  witei 
residue  arc  injected  by  a  line  syringe  subcutaneously  into  amtli 
animals.     From  this  important  and  direct  method  much  m*y    j 
be  hoped.     A  few  experiments  of  the  kind  have  been  performed    I 
on  the  Continent;  but  in  England,  although  foxes  may  be  dn;    I 
out  to  be  eaten  alive  by  hounds,  and  ratcatchers  may  poison    ( 
rats  by  the  gross,  scientific  men  are  unable,  save  under  practiollr    ) 
prohibitory  restrictions,  to  advance  biological  science  by  the  onl*     | 
satisfactory  way,  the  use  as  a  reagent  for  obscure  poiaoas  of    . 
life  itself. 

Experiments  upon  human  beings  are  made  necessarily  dailt, 

and  on  enotmoiis  mMRes  of  population.     It  is  a  kind  of  eTidene* 

that  is  moat  euai'?  o'viWvaei,  iK&i  xnJOa\&%^a  move  clearly  pi«v*d 

lan  tbe tact, t\\sA a\w^e  ^\i'iA's.'E«>B.\Qa.-^  ^■TOi*-'».«.ww^j^l^  " 
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water  with  the  utmost  impunity,  under  certain  conditions.     A 
few  years  ago  the  author  proved  that  a  town  in  Somersetshire 
had  drunk  a  water-supply  from  shallow  wells  which  was  nothing 
more  nor  less  than  dilute  sewage;  and  yet  the  death-rates  from 
fever,   from  dysentery,  and  sll   other  diseases  supposed  (and 
rightly  supposed)  to  be  propagated  by  water,  were  remarkably 
low  in  comparison  with  places  drinking  a  pure  water.     Here, 
then,  was  an  experiment  ready  made  on  more  than  a  thousand 
persons,  and  the  negative  results  recorded  for  the  best  part 
of  a  century.      It   proved  that  under  ordinary  conditions  the 
water  was  harmless,  and  yet  what  chemist  could  pass  such? 
The  colour,  taste,  and  smell,  as   well  as  the  organic    carbon, 
nitrogen,  and  microscopical  characters,   all  combined  to  show 
that  the  characters  of  the  supply  were  of  great  impurity ;  on  the 
other  hand,  water  of  very   moderate  impurity,   as  shown  by 
ordinary   chemical   and   microscopical  investigation,  has  many 
times  been  as  fatal  as  a  solution  of  some  subtle  poison.     These, 
as  it  were,  unconscious  experiments  continuously  proceeding  in 
towns,  in  villages,  and  in  solitary  homes,  demand  the  closest  study; 
and  such  a  study  will  in  years  to  come  make  clear  the  apparent  dis- 
crepancy often  existing  between  chemical  and  biological  analysis. 
Possibly  the  conclusion  already  shadowed  forth  is  this: — ^water, 
however  polluted  by  healthy  human  or  animal  sewage,  nasty  and 
abominable  liquid  as  it  may  be,  will  produce  no  disease;  water  in- 
fected with  the  excretions  from  diseased  natures  will  cause  disease. 
Since,  h9wever,  at  the  present  time  we  cannot  differentiate 
between   those   excrementitious   matters   which    cause    disease, 
and   those   which   do   not  cause  disease,  it  is  clearly  safest  to 
condemn  as  a  supply  a  liquid  which  has  been  proved  to  be 
contaminated  by  a  something,  which,  for  aught  we  know,  contains 
the  seed  of  typhoid  fever  or  of  cholera. 

D.  Experiments  on  Fish. — It  is  in  some  instances  extremely  use- 
ful to  study  the  effects  of  water  upon  living  fish,  especially  in 
those   cases   in   which   there  has  been  raised  the  question  of 
whether  a  river  or  stream  is  polluted  to  such  an  extent  as  to 
destroy  the  fish  in  the  stream.     In  experimenting  as  to  whether 
a  given  water  will  support  fish,  it  is  essential  to  select  healthy 
fish,  fish  suitable  for  the  experiment,  and  to  let  the  experiment 
go  on  for  as  long  as  possible.     The  best  fish  are  the  gold  fish 
and  the  minnow,  one  or  both.     These  can  in  towns  be  always 
purchased,  and  there  is  scarcely  any  country  place  in  England 
in  which  minnows  are  not  procurable.     Besides,  more  is  known 
as  to  the  action  of  impurities  on  these  fish,  thiui  o\i  %ai^  c^K^^x. 
The  substances  destructive  to  fish-lvfe  Tnay\>^  wrcw^y^VcLTWS^^t^ 
to  their  power  of  destruction  in  four  claaae^'. — 


■  aflect  «n  fiak,  w,  lor  cxufk 

— Ib  aolvtioiB  ttat  are  sot  cnlj  poisanoos,  but  ito 
imtalng  lo  tlie  mn&ce  of  tbe  bodr,  tbe  fish  m»k»  &»atk  (&n 
to  <!»c«pp,  ftod  will  often  jojnp  ant  of  tbe  wat«r,  rising  to  a  a*' 
rid«imble  ketglit.  In  •olnuoiu  of  pocMMuyna  substAocea  geneoll*'- 
tlu  gymptoiM  to  be  looked  for  are  :  projection  of  Uie  ejca,  t^ 
freqaent  rinng  to  tlie  mr&oe  to  breathe,  loss  of  oatoral  taluA 
diaoriered  morement^  loa  of  agility,  e^>ecial)y  tbe  ■Jlowi^'' 
littl*  maoMfl  of  food  to  p»a  b;  anobfterred,  and.  Iaat]f,  Iy^« 
tb«  nde  at  the  top  of  tbe  w«t«r. 

(  321.  IrUerprUalum  o/Ji«atdla. — On  rnanj  samples  of  wats  it 
talcea  nman  experience  to  give  a  really  correct  jadgment,  and  it 
muiit  ever  be  hnrne  in  mind  that  it  is  most  unsafe  to  trost  tor" 
eatimatioQ  of  one  or  two  constituentB  only.  The  report  miiit 
Imaod  upon  a  valuation  of  all  the  detenninationa,  and  a  ca«fid 
uoQKUloratVOTv  of  tUu  (^eaeral  tendency  of  evidence.  Great  anii*' 
"noo  ^lU  \w  4(srwii4  W  >i>ct\a  V3  "CvviwAof  a  scale  bjr  wbi*k' 
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analjBis.  Such  a  scale  has  been  invented  by  Mr.  Wigner,  and  is 
now  in  provisional  use  by  analysts. 

§  322.  VcUucUion  of  Water  according  to  Mr.  Wigner^s  Scale. — ^In 
this  scale,  every  constituent  of  the  water  as  analysed  by  the 
Forchammer  and  ammonia  processes  has  a  definite  value  attached 
to  it,  and  these  values  added  together  make  the  value  of  the 
water.  It  has  been  objected  to  the  use  of  such  a  scale,  that  unless 
the  history  of  the  water  is  known,  very  erroneous  conclusions 
may  be  drawn,  and  indeed  it  may  be  admitted  that  the  scale  is 
of  far  greater  use  in  reports  upon  waters  like  the  metropolitan, 
which  are  analysed  from  day  to  day  throughout  the  year,  than 
when  operating  on  unknown  samples.  Nevertheless,  there  has 
always  been  a  want  of  some  definite  expression  of  value,  and  as 
the  scale  is  confessedly  only  a' provisional  one,  the  present  writer 
thinks  that  it  may  be  used  generally  with  caution  and  dis- 
crimination. 

The  scale  is  as  follows  : — 


Appearance  in  2-ft.  tnbe. 

Colonr,  blue,     .... 
,,      pale  yellow, 
,,       green,. 
„       dark  yellow,     . 
„       dark  green. 
Suspended  matter  to  be  add^  to  valoation  of  appearance. 
For  traces,         .... 
,,   heavy  traces, 

,,   turbidity,    .... 
Smell  when  heated  to  100''  F. 

Vegetable  matter, 
Strong  peaty,     .  . 

Offensive,  of  animal  matter, 
Chlorme  in  Chlorides,  .  . 

Phosphoric  acid  as  Phosphates. 


0 
2 
2 

4 
4 

1 
2 

4 

1 

2 

4 

'5  grs.  per  gal.  =   1 


Kitrogen  in  Nitrates,    . 

Ammonia^  ..... 

Albuminoid  Ammonia, 

Oxygen  absorbed  in  15  minutes  at  80^  Fahr., . 

,,  „  4  hours  „        ,, 

HardDcss  before  and  after  boiling  added  together, 
Total  Solid  Matter,       .... 
Heavy  Metals,  ..... 


Traces,  s  2  h.  traces  =  4  v.  h.  traces  a*  8 

•100  gr.  per  gal.   =  1 


'006  gr. 
•001  gr. 
-002  gr. 
•010  gr. 


»» 


=  1 
=  1 
=-  1 
=  1 

5'  =  1 

5  grs.  per  gal.   =  1 

S.  tr^s  =s  6 

H.     „       =12 


Microscopical  results. 

Vegetable  cUbris  in  small  quantity,      ...  4 

„  „  large        „  .  .  8 

Diatoms  and  Bacteria  m  small  quantity,         .  .  6 

large        „  .  •  V^ 

Hairs,  and  animal  debria,  10  to  20,  accoTav[i%\A  XX^  ^^(UKD^5^r| 
observed. 


650  rooss :  thus  oohpoutiok  aid  amliui.        [$  S3& 

The  following  toble  giTW  the  chcanical  remilta  of  tke  wrenl 
nontlil;  analyves  of  uie  Orand  Jnnotioit  mtarbjUie  ftntbar, 
with  the  ^nes  aocording  to  the  xsle  ettsobsd.  The  muroMio- 
pical  obserrations  are  omitt«<],  became  tbej  vere  tar  the  moit 
part  negative,  and  the  chemical  determin>tiou  being  more  eaeilj 
followed  will  serve  as  a  better  example;  The  aiagiam  is  a 
graphical  representation  of  the  pnritT  of  the  mUar  Moordin^  to 
the  scale  vala&  It  will  be  admitted  that  on  no  other  prino^d* 
cootd  the  parity  of  a  water  be  depicted  by  a  ainglo  ourre  :— 


Jut.  F«b.  Hv.  Apr.lIV'A'Jalr-A>a»V.OcLKn.DlB 


322.  J 


WATER. 


551 


•J 
CD 

H 

09 

S 

O 


I 


<1 


5z; 
o 

O 


o 

I 

> 


PQ 


•noR«ni«A 


8    ec 


Pe9«>PT»'>P?<>P«>?> 


pnos  wox 


S^SSS^^SiSSSSS^ 

ooooSS?S?S8S§ 

i 


m 


§o5fi 

»5a 


1^ 


peo'^oaooaooiooioico 


2g> 


5 
^1 


at* 

5S 


^&< 


"Wfnoraorv 
pionininqiv 


*vinoainiv 


■ppv 

OfJoqdsoTU 


•oniJOiqo 


•JoOOIoJl»Jwq 


H .qo 

S28Sg82S82^S|! 

•   •••••••••    •• 


d  9 


o 

I  5" 

1.1 

CLi  > 


o 

2 


9^ 


O 

1 

I 

OB 

1 


o 

-a 


0  fe  2  ?  >L  « 


c 

^"1 


552  foodb:  tsbui  cohpositiok  xsv  anu.tsis.         [§  332. 

According  to  Mr.  Wigner,  a  water  wtich  oa\y  v&lnea  15  la  an 
extremely  pure  water.  The  limit  of  a  first.class  water  wonld 
be  about  40,  of  a  aecond-class  water,  65;  anytbisg  beyond  66 
would  be  a  tbird-clara  water. 

The  scale  at  preeent  gives  no  valuea  for  organic  carbon  or 
organic  nitrogen ;  it  will,  therefore,  be  neottssary  to  discuss 
briefly  the  limits  witliin  which  organic  carbon  and  organic 
nitrogen  fall  in  good  waters.  With  regard  to  these  elements 
Dr.  Pranklnnd  is  the  chemist  who  is  most  entitled  to  speak 
with  authority.  He  considers  that  some  importance  should  be 
attached,  not  only  to  the  gross  amount  of  carbon  and  nitrf^en, 
but  also  to  the  relative  proportion  they  bear  to  one  another, 
and  this  especially  with  regard  to  surface  waters.  In  deep 
springs  the  limit  of  organic  carbon  should  be  about  1  in  100,000, 
the  amount  actually  fonnd  ranging  from  '02  to  'I  in  100,000  of 
water.  In  spring  water  the  ratio  of  C  :  If  varies  from  2  : 1  to 
6  : 1,  with  an  average  of  about  3  : 1.  Sarf&ce  water  derived 
from  cultivated  land,  containing  C  :  N  below  the  projKirtion  of 
6  : 1,  and  having  more  than  3  part  of  carbon  in  100,000,  with 
these  data  supported  by  other  indications,  should  be  condemned 
as  unfit  for  dietetic  purposes.  In  surface  water,  if  carbon  ii 
to  nitrogen  as  3  : 1,  the  organic  matter  is  of  animal  origin;  if  it 
be  as  high  as  S  :  1,  it  ia  chiefly,  if  not  exclusively,  of  v^etable 
origin.  The  content  of  organic  elements  in  sewage,  of  couiw^ 
varies  according  to  its  state  of  dilution;  but  it  usually  avenget 
from  four  to  five  parts  of  carbon  per  100,000,  and  from  one  to 
two  parts  of  nitrogen  per  100,000.  Dr.  Frankland  divides 
waters  into  two  sections,  according  to  the  results  of  &  oombnstion. 

Section  I. — Upland  Subtace  Water. 

Class  I. — Water  of  great  organic  purity,  containing  a  portion 
of  organic  elements  (organic  carbon  and  organic  nitrogen),  not 
exceeding  02  part  in  100,000  parts  of  water. 

Class  II. — -Water  of  medium  purity,  containing  from  0'2  to 
0'4  part  of  organic  elements  in  100,000. 

Class  III. — Water  of  doubtful  purity,  containing  from  Oi  to 
0-6  part  of  organic  elements  in  100,000. 

Class  IY. — Impure  water,  containing  more  than  0*6  part  of 
organic  elements  in  100,000. 

Skgtior  IL — Water  other  than  Upland  Surface. 
Class  I. — -^  &^T  cS  ^eaX.  OT^mc  y^tv-uj  ,  txmJaiatng  a  fivpil- 
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Class  II. — Water  of  medium  purity,  containing  from  0*1  to 
0'2  part  of  organic  elements  in  100,000. 

Class  III. — Water  of  doubtful  purity,  containing  from  0*2  to 
0*4  part  of  organic  elements  in  100,000. 

Class  IV. — Impure  water,  contsiining  upwards  of  0*4  part  of 
organic  elements  in  100,000. 


APPENDIX  TO  WATER  ANALYSIS. 

Standard  Solutions  and  reagents  &c.,  Alphabetically 

Arranged. 

Parts  by  Weight:  Liquids  by  Measure, 

§  323.  Ammonium  Chloride, — Ammonium  chloride,  *3146  part ; 
pure  water,  1000  parts ;  dissolve.  1  cc.  contains  -00001  grm.  of 
ammonia,  or  10  grains  contain  '0001  grain. 

Calcic  Chloride  Solution. — Iceland  spar,  or  other  pure  form  of 
calcic  carbonate,  '2  part.  Hydrochloric  acid,  q.  s. ;  water,  1000 
parts.  The  calcic  carbonate  is  converted  into  chloride  by  evapo- 
rating to  dryness  with  pure  dilute  hydrochloric  acid,  and  the 
calcic  chloride  thus  obtained  is  dissolved  in  water.  The  deter- 
mination of  hardness  is  usually  made  by  English  chemists  in 
grains  per  gallon;  then  the  following  are  the  proportions — 
Calcium  carbonate  8  grains;  fully  convert  by  dilute  hydrochloric 
acid,  evaporate  to  dryness,  dissolve  in  water,  and  make  up  to 
one-tenth  of  a  gallon ;  dilute  ten  times  its  volume,  and  the  result 
is  water  of  8°. 

Copper  Sulphate. — Sulphate  of  copper  30  parts,  pure  water 
1000  parts;  dissolve. 

Ferrous  Chloride  Solution. — A  solution  of  pure  ferrous  sulphate 
is  precipitated  with  sodic  hydrate,  and  washed  thoroughly  with 
pure  water,  and  then  dissolved  in  the  smallest  possible  quantity 
of  pure  hydrochloric  acid. 

Meta-pJvenylenediamine. — Meta-phenylenediamine  5  parts,  water 
1000  parts,  sulphuric  acid,  q.  s.  The  base  is  dissolved  in  the 
water,  and  then  slightly  supersaturated  with  sulphuric  acid. 

Meta-phospJioric  Add. — Meta-phosphoric  acid  100  parts,  made 
up  to  1000  with  distilled  water;  10  pai*ts  should  contain  no 
appreciable  amount  of  ammonia. 

Molybdic  Solution. — Molybdic  acid,  1  part;  solution  of  ammonia, 
specific  gravity  '960,  4  parts;  nitric  acid,  1*20  specific  g;r&vU;^^ 
15   parts.      The   molybdic  acid  is  diaaoW^^  ydl  V3w^  ^scKn^^TSia^ 
filtered,  and  poured  with  conBtant  atiTtm:^  SxiJcft  ^^  ^k^^^^cv^  ^^ 
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It  should  be  kept  in  the  dark,  and  freed  by  deeantation  from 
any  precipitjtto  which  may  form. 

'.\'es»ler  Solutiort. — 35  parts  of  poUissiam  iodide  ftre  dissolved 
in  100  parts  of  water;  17  parts  of  mercuric  chloride  are  boiled  i 
in  300  parts  of  water,  and  then  cooled.  The  mercuric  solution 
i«  added  to  the  jiotasaium  iodide,  little  by  little,  itntil  a  |)ermaneafc 
precipitate  is  produced.  Tlie  liquid  is  now  made  up  to  lUOO 
parts  with  a  solution  of  sodic  hydrate  of  30  per  cent  stren^h. 
Lastly,  the  reagent  is  made  more  sensitive  by  the  final  addition 
of  a  little  more  of  the  mercuric  chloride  solution,  until  a  permar^ 
nent  precipitate  begins  to  form.  The  solution  is  put  on  oOfl 
side  to  deposit,  and  the  clear  liquid  decanted  for  use.  It  is 
best  to  keep  that  intended  for  use  in  a  small  bottle,  while  ths 
larjijer  stock  is  carefully  stoppered  down. 

Palladium  Solututn. — Palladium,  -1  part  is  dissolved  in  nitn>> 
hydrochloric  acid,  and  evaporated  to  dryness  at  100°,  50  parts  tt 
hydrochloric  are  addwl,  and  2000  of  water,  ultimately  making 
the  bulk  up  to  3,.^70  parts. 

Pohi^ahim  hi'U-h  S,j!.dlon-—{\.)  IVaas-iviui  iodiito  1  part  in  10 
of  water,  for  use  in  the  oxygen  or  Forchammer  process. 

(b.)  Fotaaaium  iodide  1,  water  100,000,  for  use  in  the  Tola- 
metrical  estimation  of  iodine. 

Potaesium  Monoeliromate. — Potassium  monochromate  50  parts, 
dissolved  in  1000  parts  of  distilled  water.  To  ensure  absence  of 
chlorides  it  is  recommended  to  add  a  little  nitrate  of  silver  until 
a  permanent  red  precipitate  forms,  which  is  allowed  to  settle,  and 
the  clear  solution  used. 

Potassium  Permanganate. — (a.)  AlkaHju — Potaasinm  perman- 
ganate 8  parts  ;  potassium  hydrate  200  iiarts ;  distilled  water 
1100  parts.  The  solution  is  boiled  rapidly  down  to  1000  parts, 
and  kept  in  properly  Stoppered  bottles. 

(b.)  Standard  Volumetrie  Solution  for  Oxygen  Process — -395  part 
of  potassic  permanganate  ia  dissolved  in  1000  of  water.  Each 
cc,  contains  '0001  gramme  of  available  oxygen,  and  each  one 
grain  contains  -0001  grain. 

Silver  Niirate,  Standard  Solution  of. — 4-7887  parts  of  silver 
nitrate  are  dissolved  in  pure  water,  and  made  np  to  1000  parts. 
The  solution  may  be  standardised,  if  necessary,  by  the  sodium 
chloride  solution,  1  cc.  -  -001  grm.  chlorine  ;  10  gnuns  =  Ol  grain 
chlorine. 

Soap,  Standard  Solatium  of. — 150  parts  of  lead  plaster  are 
triturated  in  a  mortar  with  40  parts  of  dry  potassic  carbonate, 
and  made  into  a  cream  with  the  addition  of  absolute  aloohol ; 
wlien  diBSolTed,  &\t&t,  %&&  ^^^  "i^^  %&dit.ifin  of  water  reduce  the 
'coliolio  Btrengti^  to  &»*.  <A  -gtwR.  «^\..  TP&ri  t^-^osfo.  <rf  ho^» 
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is  then  reduced  to  the  proper  strength  by  proof  spirit.  If  work- 
ing in  cc.  and  grms.  it  should  be  of  such  a  strength  that  1 4*25 
ca  are  required  to  form  a  permanent  lather  with  50  cc.  of  the  calcic 
chloride  solution ;  if  working  in  grains,  then  it  will  be  most 
convenient  to  make  it  of  that  strength  that  it  just  forms  a  perma- 
nent lather  when  180  grain  measures  are  shaken  with  1000  grain 
measures  of  the  standard  calcic  solution,  equalling  water  of  8^. 

Sodium  Chloride  Solution, — 1*648  parts  of  pure  sodium  chloride 
are  dissolved  in  water,  and  the  solution  msuie  up  to  1000  parts. 
Pure  sodium  chloride  can  be  obtained  by  passing  through  a 
saturated  solution  of  commercial  sodic  chloride  hydrochloric  acid 
gas ;  a  precipitate  of  pure  sodic  chloride  fsdls,  which  may  be 
collected,  and  dried  in  the  hot  air  oven  at  260'*  to  300**.  Each  cc 
contains  *001  grm.  chlorine,  or  each  grain  contains  "001  grain 
chlorine. 

Sodium  Hydrate,  Solvlion/or  BstimcUion  of  Nitrates, — 56  parts  of 
metallic  sodium  are  dissolved  little  by  little  in  1000  parts  of  water. 

Sodic  HyposvJphite, — One  part  of  crystallised  sodium  hypo- 
sulphite in  1000  parts  of  water. 

Sodic  Nitrite  Solution, — -406  part  of  silver  nitrite  is  dissolved 
in  a  little  distilled  water,  and  pure  sodic  chloride  is  added  until 
no  more  argentic  chloride  is  thrown  down.  Dilute  with  water 
to  1000  parts.  Allow  to  settle.  Then  of  the  clear  solution  take 
100  parts,  and  dilute  to  1000  ;  1  cc.  equals  -00001  grm.  of  N2O3 ; 
similarly  each  10  grains  equals  '0001  grain. 

Starch  Solution, — 1  part  of  starch  is  rubbed  up  with  20  parts 
of  boiling  water.  The  liquid  is  filtered,  boiled,  and  after  being 
allowed  to  stand  for  twenty-four  hours,  the  clear  liquid  is 
syphoned  off. 

TABLE  LV.,  FOR  Hardness  in  Grain  Mkasurbs  (Page  327). 

Degrees  of  Hardaess.                                Grain  MoMares. 
Distilled  Water =0. 9 

1 29 

2 64 

3 77 

4 99 

5 120 

6 140 

7.  .160 

8 180 

9 200 

10 220 

11 240 

12. 260 

13 280 

14 300 

16. ^*» 

J6. ^itf^ 
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TABLE  LviL— Bbdvctiok  or  Cubic  CsimiarrBis  of  Kitbookr 
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hi  A  pBpW  reeotlT'  cnnmiuucUed  to  the  Sotaetr  of  P 

A  naif  slfl,*  tb«  «itbor  ham  Aowa  ihat  br  trealing  flour  or  I 
wiUi  a  5  per  ecnt.  nlatioB  of  bTdrodiloric  kcid,  »j-ti»g  ia 
<'"|i|,  all  wlable  foma  of  *ltuouu  enter  into  solotjoa,  so  H^f^ 
nlniii  [>Tcacnt  u  ■Inm,  or  may  aliuniiia  present  ss  ptrnplui 
■.lUnnioA,  pu*<»  into  iLe  hydrDcbloric  acid,  and  m»jr  be 
H"i>arat«d  from  oilicata,  and  eatamat«d  bjr  et-a{K>natitig  Lhe  ad 
<lryii'iM,  ^ ,  ax  in  treating  a  bread  aah. 

lii'mt  bopea  were  entertained  tbat  by  tlua  means  arade 
aliMiiina  in  the  forni  of  silicates  to  the  flour,  and  &Itutibta  ai 
ii<lii1t«^raiit  miKbt  be  diatiDgauhed ;  and,  indeed,  the  ^ 
'•X  [H^riinenta  of  the  autbor  count«iianGed  tbU  riev,  bat  it 
iil'tiTwardN  found  tbat  Ixinilon  claj  und  roddisb  dajs  gtmn 
.■■ininiii<-(!  iilioNiiLafpsof  iron  and  alumina,  while  some  »econd-C 
II  '<  '  1^  'I  '  ilit>  author,  and  from  which  no  trace  of  ai 
■  1  liv  the  chloroform  proceitsand  by  theeelai 
I..  ■    -'.vi:  up  to  livdrocliloric  add  -.x  cod^.I^t- 

.|u,n,hiy  ot    |.l,.,s|.)iiLti:   .,f  .iliiniiua,  tlie   source   of   which 
I'li'h'iitly  :t  rciidish  tliiy  which,  by  niil  of  clilorofoi'in ,    was   eft. 

A  fiw  wordn  limy  be-  ;u1<Il'(1  as  to  the  ftelatinc  ulum  test  : 
tiioHt  ictciit  r;x|.(;rii'iic.!  of  the  author  tcn(i«  more  and  niorp 
(^'iiiliriii  its  di-lii'iii.y  iizid  vl-I lability.  An  important  oxtensiou 
thii  (MC'tlioil  coimint.s  in  dissolving  llin  ahimed  gelatine  iu  a  s' 
ti'iti  111'  jiiirpuriiui  or  hi^^wood,  and  submitting  the  solution 
H|ii-c(,nisi'ri|iic  (ilisi'rviitioii.  For  present  purjKises  it  ivil! 
iiri:.*ssjiiy  tci  biivi!  eoiiipamon  solutions  of  ulumed  gelatine  j 
iiiiidniiir<lHi;hitiu(;,  luiil  cciiupan!  the  spectra  side  by  sido;  but 
iiiidiiir  is  iiiakinfi  arraiigenients  for  their  observation  by  plu 
jirFi|>liy.  All  recent  workers  in  spectrum  analysis  have  sho 
(lie  ;;ri'iit  superiority  of  idiotogra|>hv  in  spectroscopic  work 
that  <-f  I  he  limnaii  eye.  Not  uloiic  is  there  a  faithful  cojiy  a 
lienimnenl  recoi<l  of  the  spcctiii,  but  lines  aud  bands  are  show 
A.therwim.  .[uite  iuvisiblu. 

1  in  Hour  and  bread.     Bj- 
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The  Sale  op  Food  and  Drugs  Act,  1875. 

An  Act  to  Repeal  the  Adulteration  op  Food  Acts,  and  to 
Make  Better  Provision  por  the  Sale  op  Food  and  Drugs 
IN  A  Pure  State.    [38  &  39  Vict.,  ch.  6a] 


Whereas  it  is  dedrable  that  the  Acts  now  in  force  relatinff  to  the 
adtiltention  of  food  should  be  repealed,  and  that  the  law  regaroing  the 
sale  of  food  and  drugs  in  a  pure  and  genuine  condition  should  be 
amended: 

Be  it  therefore  enacted  by  the  Queen's  most  Excellent  Majesty,  bv 
and  with  the  advice  and  consent  of  the  Lords  Spiritual  and  Temporal, 
and  Commons,  in  this  present  Parliament  assembled,  and  by  the 
authority  of  the  same,  as  follows : 

1.  From  the  commencement  of  this  Act  the  statutes  of  the  twenty-  Bepeal  of  S3 
third   and  twenty-fourth  of  Victoria,  chapter  eighty-four,  of  the  i^YJi  Ji 
thirty-first  and  tmrty-second  of  Victoria,  chapter  one  hunored  and  v{<.f»  i9i 
twenty-one,  section  twenty-four,  of  the  thirty.&ird  and  thirty-fourth  su,  33  &  84 
of  Victoria,  chapter  twenfy-six,  section  three,  and  of  the  thirty-fifth  VicL  c  26 
and  thirty-sizth  of  Victoria,  chapter  seventy-four,  shall  be  repealed,  y?*^  ^-^  ^ 
except  in  regard  to  any  appointment  made  imder  them  and  not  then  ^'^^  ^'  **' 
determined,  and  in  regard  to  any  offence  committed  against  them 

or  anv  prosecution  or  other  act  commenced  and  not  concluded  or 
completed,  and  any  payment  of  money  then  due  in  respect  of  any 
provision  thereof. 

2.  The  term  "  food  '*  shall  include  every  article  used  for  food  or  Definitions. 
drink  by  man,  other  than  drugs  or  water  : 

The  term  "drug"  shall  include  medicine  for  internal  or  external 
use : 

The  term  "county"  shall  include  every  county,  riding,  and 
division,  as  well  as  every  county  of  a  dty  or  town  not  oeing  a 
borough : 

The  term  "justices'*  shall  include  any  police  or  stipendiary 
magistrate  invested  with  the  powers  of  a  justice  of  the  peace  in 
JSngland,  and  any  divisional  justices  in  Ireland. 

DeacripUon  of  Offences* 

3.  No  person  shall  mix,  colour,  stain,  or  powder,  or  order  or  |)er-  Mixing, 
mit  any  other  person  to  mix,  colour,  stain,  or  powder,  any  article  ooloiuiiig, 
of  food  with  any  ingredient  or  material  so  as  to  render  the  article  J|^  j^,|J|^ 
injurious  to  health,  with  intent  that  the  same  may  be  sold  in  that  health/ 
state,  and  no  person  shall  sell  any  such  article  so  mixed,  coloured, 
atained,  or  powdered,  under  a  penalty  in  each  case  not  exceeding 

fifty  pounds  for  tiie  first  offence ;  every  offence,  after  a  conviction  for 
tk  first  offence,  shall  be  a  nusdemeanor,  for  which  the  pecraoii^  oTi^^Ti.- 
▼iction,  shall  be  imprisoned  for  a  period  not  exoeedxng  cox.  tosgi^ka 
"With  hard  labour. 


IKlODC:  THKIB  COVrOSmOS  A3Ik    AMAt.tMU. 


polniTofMch  Aog.  wttk  iatatt  that  the  nMaHafbcirfli 
rt«tt,  nod  Bopraol  Aall  ««11  ip  ■■eb  ili_i  wi  MJirf.  ad 

w  in  tbc  pnoediM  aMtMO  lot  •  bat  Mkd  aUMOMaai  (Abb. 
Bii'v  Ek  PnrildtbNtBu  iMtH«  ihd  ba  bbb  to  to  awrt^al 

n„.i«d«>    olbtrof  the  twolM*fon«aiaKBBbaaa«f  difa  AMMnMrt 

know  of  ttw  Mid*  «<  food  «r  *«■  atM  bv  Uh  b^  mi 

cBJiwred.«tMned,arpawdCT«d.Mhi^ttgr<iJtli titmmwl 

MddMtlMeDMld  not  with  win>«>lF.  iTiBitui  ham  <Mmm 


^  '  -'"--  — — [   nilii'li!Zii7«?i 

Um»  u  «•  of  the  Htiek  demuukd  bf  (ock  jTrfco^e.    nwbr  •  p^ri 

dasned  W  be  oonunitted  UHte  Ok  wctMB  io  tW  Mkalv 
thai  ia  to  aj, 

(I.)  When  uif  matter  or  inedieDt  not  ujarinu  to  kMJ 
liMO  added  to  the  food  or  drag  beoiBa  tbe  aamr  Braqoi 
the  pradiwlaoti  <«  mpaialioa  tboectf  aa  am  artKb  irf  c^ 
n^itetafttiDr  Emiiga  er  conacuBpCiiaa,  and  aok  tnaA 
to  TDcnaae  the  bulk,  wnght  or  mramre  of  (be  food  or  4 
ii.nceikl  thp  infsTior  ijiuility  ther^if  ; 

1-J.I  Wh«p  th*  ilrus  nr  fW  is  *  [.i-TTk-tirj-  n-.^iL-r-  .- 
»iihi«.t  lit  a  {latent  in  force,  and  is  suiiplied  in  the  siaW  n 
l.y  thf  tfH^iticati''n  •■f  lhe|i.itent ; 

(:i.)  WhLTir  Ihf  fixni  or  dni^-  is  ojmpoaiid«l  Sd  in  ihLi  Ac 


f4.)  Wbt-r.:  till-  fo.-l  -.r  .1 
.■xtrant..ns  malt«-r  in  tln^ 

7.  ^"..m■r-on^halls.•llanv 
.lni;,-wliii.li  U  not  co„,|.,-,d 
•  iwiii.n.1  of  iW  i.urcl,:i.«.r.  I 
li.nm.l-. 

«,  l*n.vi.i«l  tliat  no  perwi 
.iforcHai.!  in  n;.~|x;cC  of  tlie  ^ 


>ly    miied   wit5i 
of  f  (h-xj  <ir  comp 


shall  be  guilty  of  any  puch  o9 
B  ..r  an  artiolp  of  fmxl  or  n  dm.- 
■nt  not  iujiiri-ius    t..    health,    i 


ifincffd  its  infi'rior  iniality,  if  at  the  time  of  delivcrtnj,'  sucli  .ir 
ilrujj  hn  xbitll  Mii-plv  K.  ttt  |».rioii  rrcciriii);  the  same  a  n.-lit 
Ubi'ldistintlh-andledblv^Tilten  or  printtd  on  i.r  \v-itli  tlie 
..r  .Initr,  t-i  th..  elfert  tliat  the  »auie  is  niii«l. 
,  ;].  ^'u  [iciwin  slniir,  « !tb  tliu  iuttiit  that  tEie  samR  max-  K.- 
it-i  iilt»-rr:il  statK  withiint  not i if.  abstract  from  an  artiflc  "of  fo 
part  .pf  it  s.p  as  t.i  alf.-.t  iiijurion-'li-  in  .|.ialitv,  iiil.-.taniK'  ..r  i 
and  n.i  ii^rs.m  .balJ  sell  .-iny  .irtiol--  >■■  altm-d  » ith„uc  makii 
ol^Hurt  of  thu  alteration,  un<Ji:r  a  jienalty  m  each  ca.4e  m.t  eic 
twenty  i«mn.i». 

Aiii'ih'liiUBl  and  Duika  .'/  Aaalpslx,  awl  Proceediiiffi  to  a 

the  apfio'intiHinil  o/  Analyst: 
10.   In  tile  city  of  Lomlon  and  tlie  liberties  then-ot  the  Co 
Eionera  uf  Sencrs  of  the  City  of  Ijondon  and  the  libertiea  them 
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in  an  other  parte  of  the  metropolis,  the  vestries  and  district  boards  analytis 
acting  in  execution  of  the  Act  for  the  better  local  management  of  the  ^''IP^'^ 
metropolisv  the  court  of  quarter  sessions  of  every  county,  and  the  appointea  in 
town  council  of  every  burgh  having  a  separate  court  of  quarter  ESogland. 
seasions,  or  having  under  any  general  or  local  Act  of  Parliament  or 
otherwise  a  separate  police  establishment,  may,  as  soon  as  convenient 
after  the  paasinff  of  this  Act,  where  no  appointment  has  been  hitherto 
made,  and  in  aU  cases  as  and  when  vacancies  in  the  office  occur,  or 
when  required  so  to  do  by^  the  Local  Government  Board,  shall  for 
their  respective  city,  dismcto,  ooimties,  or  boroughs,  appoint  one  or 
more  persons  possessing  competent  knowledge,  skill,  and  experience, 
aa  analysts  of  all  articles  of  food  and  drugs  sold  within  the  said  city, 
metropolitan  districts,  counties,  or  boroughs,  and  shall  pay  to  such 
analyrts  such  remuneration  as  shall  be  mutually  agreed  upon,  and 
may  remove  him  or  them  as  they  shall  deem  proper ;  out  such 
iq^ypointmente  and  removals  shall  at  all  times  be  subject  to  the 
approved  of  the  Local  Grovemment  Board,  who  may  require  satis- 
la^ory  proof  of  competency  to  be  supplied  to  them,  and  ma^  sive 
fhdr  approval  absolutely  or  with  modifications  as  to  the  period  of 
the  appointment  and  removal,  or  otherwise;  Provided,  that  no 
person  shall  hereafter  be  appointed  an  taialyvt  for  any  place  under 
this  section  who  shall  be  engaged  directly  or  indirectly  in  any  trade 
or  business  connected  with  the  sale  of  food  or  drugs  in  such  place. 

In  Scotland  the  like  powers  shall  be  conferred  and  the  like  duties  Appoint- 
ahall  be  imposed  upon  the  commissioners  of  supply  at  their  ordinary  ments  in. 
meetings  for  counties,  and  the  commissioners  or  boards  of  police,  or  SooUand. 
where  there  are  no  such  commissioners  or  bounds,  upon  uie  town 
oonncils   for  bursfhs   within  their  several  jurisdictions^   provided 
that  one  of  Her  Majesty's  Principal  Secretaries  of  State  m  Scotland 
shall  be  substituted  for  the  Local  Government  Board  of  England. 

In  Ireland  the  like  powers  and  duties  shall  be  conferred  and  In  Ireland. 
imposed  respectively  upon  the  grand  jury  of  evenr  coim^  and  town 
ooondl  of  every  borough ;   provided  that  the  Local  Government 
Board  of   Ireland  shall  be  substituted  for  the  Local  Government 
Board  of  England. 

11.  The  town  council  of  any  borough  may  agree  that  the  analsrst  Town 
aiypointed  by  any  neighbouring  borough  or  for  the  county  in  which  the  Councils 
borough  is  situated,  shall  act  for  their  oorough  during  such  time  as  the  ^7  ^S^t 
said  council  shall  think  proper,  and  shall  make  due  provision  for  the  ^^i^ 
pAjrment  of  his  remimeration,  and  if  such  analjrst  shall  consent,  he  bonring 
shall  during  such  time  be  the  analyst  for  such  borough  for  the  pur-  county  or 
poaee  of  the  Act.  Iwrough. 

12.  An^  {purchaser  of  any  article  of  food  or  of  a  drug  in  any  place  Any 
bein^  a  district,  county,  city,  or  borough  where  there  is  any  aniJjrst  pardiaser  of 
i^pomted  under  this  or  any  Act  hereby  repealed  shall  be  entitled,  on  roods  or 
pAjfment  to  such  analyst  of  a  sum  not  exceeding  ten  shillings  and  ^n2fiedr  on 
sisqpence,  or  if  there  be  no  such  analyst  then  acting  for  such  place,  to  payment  of  a 
the  analyst  of  another  place,  of  such  sum  as  may  be  agreed  upon  oetween  fee,  to  have 
fsadb.  person  and  the  analyst,  to  have  such  article  analj^ed  by  such  an  analysiB 
analytitf  and  to  receive  from  him  a  certificate  of  the  result  of  his  !S^iflcate 
analsrsis. 

13.  Any  medical  officer  of  health,  inspector  of  nuisances,  or  inspec-  Medical 
tor  of  weighte  and  measures,  or  any  inspector  of  a  market,  or  any  ofBcera  of 
police  constable  under  the  direction  and  at  the  cost  of  the  local  i^t!^!^n 
authority  appointing  such  officer,  inspector,  or  constable,  or  churned  J^'^P^eitiiiB 
with  the  execution  of  this  Act,  may  procure  any  sample  of  fooof  or  other 
drugs,  and  if  he  suspect  the  same  to  have  been  sold  to  him  contrary  officials  may 
to  any  provision  of  this  Act,  shall  submit  the  same  to  be  analysed  b^  ^^^^^w^jr* 
the  aiuil3rst  of  the  district  or  place  for  which  he  acta,  ox  M  ^«t«  ^^^^nS^ 
no  such  analjrst  then  actinj?  for  such  place  to  t^e  axuil^  oi  «sic^^<qc 

place,  and  sach  aaaiyst  fljuii^  upon  receiving  payment  aa  \a pTO's\^A^^sl 
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cliftpter  f  orty-tliree.  In  Ireland  such  penalties  and  proceedings  shall 
be  recoverable,  and^  may  be  taken  witn  respect  to  tne  police  district 
of  Dublin  metropolis,  subject  and  according  to  the  provisions  of  any 
Act  regulating  the  powers  and  duties  of  justices  of  the  peace  for  sucn 
distric^  or  of  the  police  of  such  district ;  and  with  respect  to  other 
parts  of  Ireland,  before  a  justice  or  justices  of  the  peace  sittingin 
petty  sessions,  subject  and  according  to  the  provisions  of  "The 
!Petty  Sessions  (Ireland)  Act,  1851,"  and  any  Act  amending  the  same. 
Every  penalty  herein  imposed  may  be  reduced  or  mitigated  accord- 
ing to  the  iudgment  of  the  justices. 

21.  At  the  hearing  of  the  information  in  such  proceeding  the  pro-  Prodaction 
daction  of  the  certificate  of  the  analyst  shall  be  sufficient  evidence  of  of  certlflcate 
the  facts  therein  stated,  unless  the  defendant  shall  require  that  the  }■  J^^*S2J* 
analyst  shall  be  called  as  a  witness,  and  the  parts  of  the  articles  mast^Stond 
retained  by  the  person  who  purchased  the  article  shall  be  produced,  if  required. 
and  the  defendant  may,  if  he  think  fit,  tender  himself  ana  his  wife  The  defend- 
to  be  examined  on  his  behalf,  and  he  or  she  shall,  if  he  so  desire,  be  ^^  ^^  ^  .. 
examined  accordingly.  jjjj  ^•^•^ 

22.  The  justices  before  whom  any  complaint  may  be  made,  or  the  be  examined 
coort  before  whom  any  appeal  may  be  heard,  under  this  Act  may, 

upon  the  request  of  either  party,  in  their  discretion  cause  any  article  jJUd^SfcinSe 
cf  food  or  drug  to  be  sent  to  the  Commissioners  of  Inland  Kevenue,  to  Somerset 
who  shall  thereupon  direct  the  chemical  officers  of  their  department  Hoose. 
at  Somerset  House  to  make  the  analysis,  and  give  a  certificate  to  such 
jnstioes  of  the  result  of  the  analysis ;  and  the  expense  of  such  imalysis 
flhall  be  paid  by  the  complainant  or  the  defenduit  as  the  justices  may 
by  order  direct. 

23).  Any  person  who  has  been  convicted  of  any  offence  pimishable  Appeal  to 
Ijy  any  Act  hereby  repealed  or  by  this  Act  ^y  any  justices  may  S'?*?®'^ 
aroeal  in  England  to  the  next  general  or  quarter  sessions  of  the  peace     ^  °^' 
'vnueh  shall  be  held  for  the  city,  county,  town,  or  place  wherein  such 
oonviction  shall  have  been  made,  provided  that  such  person  enter  into 
a  recognisance  within  three  days  next  after  such  conviction,  with  two 
sofficient  sureties,  conditioned  to  try  such  appeal,  and  to  be  forth- 
coming to  abide  the  judgment  and  determination  of  the  court  at  such 
genenu  or  auarter  sessions,  and  to  pay  such  costs  as  shall  be  by  such 
coart  awaraed  :  and  the  justices  before  whom  such  conviction  shall 
"be  had  are  hereby  empowered  and  required  to  take  such  recognisance ; 
and  the  court  at  such  general  or  quarter  sessions  are  hereby  required 
to  hear  and  determine  the  matter  of  such  appeal^  and  may  award 
SQch'ooBtB  to  the  party  appealing  or  appealed  against  as  they  or  he 
ehiUl  think  proper. 

In  Ireland  any  person  who  has  been  convicted  of  any  offence  Appeals  in 
pmnidiable  by  this  Act  may  appeal  to  the  next  court  of  quarter  Ireuuid. 
BQgnons  to  be  held  in  the  same  division  of  the  county  where  the  con- 
viction shall  be  made  by  any  justice  or  justices  in  any  petty  sessions 
diBtrict,  or  to  the  recoraer  at  his  next  sessions  where  the  conviction 
flhall  be  made  by  the  divifdonal  justicesin  the  x)olice  district  of  Dublin 
metropolis,  or  to  the  recorder  of  any  corporate  or  borough  town  when 
the  conviction  shall  be  made  by  any  justice  or  justices  in  such  cor- 
porate or  borough  town  (unless  when  any  such  sessions  shall  com- 
mence within  ten  days  from  the  date  of  any  such  conviction,  in  which 
CMe,  if  the  appellant  sees  fit.  the  appeal  may  be  made  to  the  next 
•nooeeding  sessions  to  be  held  for  sucn  division  or  town),  and  it  shall 
be lawfollor  such  court  of  quarter  sessions  or  recorder  (as  the  case 
mav  be)  to  decide  such  appeal,  if  made  in  such  form  and  manner  and 
wiui  roch  notices  as  are  required  by  the  said  Pett^  Sessions  Acts  re- 
apectiyely  hereinbefore  mentioned  as  to  appeals  against  orders  madab^ 
jiutioes  at  petty  sessions,  and  all  the  provislona  ol  \»bA  wsi^'^^NCf 
Benions  Acts  respectively  a§  to  iwi^lring  appeaia  axA  aa  \a  «iu»sq^s^ 
Ae  ordenmade  on  appeal,  or  the  original  ordeta  wYiftT^  ^«  «^<^«fl^ 
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ahall  not  be  duly  pvoMooted,  ihall  alio  apply  to  say  appeal  made 

under  Uiis  Act. 
1^^^  24.  InaiiypTOeeeiitii»vndflrtlibAefe,«lieretlMlaeioC«Baitifli» 
utto^  hftvinsbeen  edd  in  a  mixed  itate  haa  been  ptored,  if  tlie  detaidaiit 
Hux  ha  shall  deaire  to  rely  npon  any  ezoeption  or  proTleion  onntahmd  in  tlii» 
comes  with-  Act,  it  sball  be  ineombent  npon  mm  to  prove  the  aamai 
^^uyex-  2&  n  the  defendant  in  any  proeeeotiflnQndartliii  Act  provatotlia 
^^  regard  wtiafai^ion  of  the  joatioea  or  oomi  that  he  bad  ponhaaea  tte 


to  mixed 
matters. 


in  question  aa  the  same  in  natmre,  anhatanoe.  and  <^nality  aa  that 
demanded  of  him  by  the  proaeontor,  and  wim  a  wnttoa  watimi^ 
to  that  eflfect,  that  be  had  no  reaaon  to  beHeiva  at  the  tima  ^i^en  ha 
sold  it  that  the  artide  waa  okhenriaek  andtiiatheaolditintliaaaaBa 
state  as  when  he  jporchaaed  it»  he  ahall  be  diadhacfed  from  the  pro> 
aecotion,  but  shall  be  liable  to  pay  the  ooats  immETCd  by  tbr  prosa- 
cutor,  unless  he  shall  have  given  due  notioe  to  him  that  ha  wlu  idty 
on  the  above  defence. 
26.  Every  penalty  impoaed  and  reoovered  ondsr  this  Aot  ahaQ  ba 
England  to  paid  in  the  caae  of  n  proaecatiion  by  any  oflloa;  inapactar,  or  ccm- 
f^*l^JSl1  stable,  of  the  auUranty  who  ahall  hnva  appofailad  an  aaa^  or 
l^fS^^^  agreed  tothe  acting  ofan  analyst  within  ft^dtatriottto^SiSaios^ 
applied  fo  inspector,  or  oonstaMe,  and  shall  be  by  him  paid  to  the  authurily  far 
expenses  of  whom  he  acts,  and  be  applied  towards  the  eipsaaes  ni  eawcoling  tlda 
^  In  Ire- Act,  any  Statute  to  the  oontnyry  notwithatanding ;  but  in  the 
*"**  ™         of  any  other  nrosecution  the  same  shall  be  paid  and  — — «- 


Written 
warranty  a 
good 
defence. 


Penalties  in 


manner 


m 


rge. 
tifli 


certificates. 


directed  by    England  according  to  the  law  regulating  the  application  of  penaltiee 
Fines  Act.     for  offences  punishable  in  a  summary  manner,  and  in  Ireland  in  the 
manner  directed  by  the  Fines  Act,  Ireland,  1851,  and  the  Acts 
amending  the  same. 
Forjred  27.  Any  person  who  shall  forge,  or  shall  utter,  knowing  it  to  be 

forged  for  the  puri>oses  of  this  Act,  any  certificate  or  any  writing 
purporting  to  contain  a  warranty,  shall  be  guilty  of  a  misdemeanor 
and  be  punishable  on  conviction  by  imprisonment  for  a  term  of  not 
exceeding  two  years  with  hard  labour  ; 

Every  person  who  shall  wilfulljr  apply  to  an  article  of  food,  or  a 
drug,  in  any  proceedings  under  this  Act,  a  certificate  or  warranty 
^veu  in  relation  to  any  other  article  or  drug,  shall  be  guilty  of  an 
offence  under  this  Act,  and  be  liable  to  a  penalty  not  exceeding 
twenty  pounds ; 

Every  person  who  shall  give  a  false  warranty  in  writing  to  any 
purchaser  in  respect  of  an  article  of  food  or  a  drug  sold  1^  him  as 
urlncipal  or  agent,  shall  be  guiltj  of  an  offence  under  this  Act,  and 
be  liaole  to  a  penalty  not  exceeding  twentr^  pounds  ; 

And  every  |)er8on  who  shall  wilfully  give  a  label  with  any  article 
sold  by  him  which  shall  falsely  describe  the  article  sold,  shall  be 
guilty  of  an  offence  under  this  Act,  and  be  liable  to  a  penalty  not 
exceeding  twenty  pounds. 

28.  Nothing  in  tnis  Act  contained  shall  affect  the  power  of  pro- 
ceeding by  indictment,  or  take  away  any  other  remeay  a^^dnst  any 
offender  under  this  Act,  or  in  anv  way  interfere  with  contracts  and 
bargains  between  individuals,  ana  the  rights  and  remedies  bekoiging 
thereto. 

Provided  that  in  any  action  brought  by  any  person  for  n  breach  of 
contract  on  the  sale  of  any  article  of  food  or  of  any  drug,  such 
person  may  recover  alone  or  in  addition  to  any  other  damages  re- 
coverable by  him  the  amount  of  any  penaltv  in  which  he  may  have 
been  convicted  under  this  Act,  together  wiui  ike  costs  paid  by  him 
upon  6\ic\i  conviction  and  those  mcurred  by  him  in  and  about  his 
deience  tYi«r«V>,  \l  V^  \itQ>^^  that  the  article  or  droff  the  subject  of 
such  coTiV\c^ion.  vt^a  w\^\A\cccEL%s^%Sk.Ws(  «a  article  or  drag  ctf  the 
same  nature,  «c\M^ASi<»s  «sA  os^si&Xri  ^^^sal^  N^ts^^  ^«^  demanded  of 


FttlBO  labels. 


indictment 


Breach  of 
contract. 
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afterwards  sold  it  in  the  same  state  in  which  he  purchased  it ;  the 
defenduit  in  sudi  action  being  nevertheless  at  liberty  to  prove  that 
the  conviction  was  wrongful,  or  that  the  amount  of  costs  awarded  or 
claimed  was  unreasonabk. 

*  Expentes  of  Executing  the  Act. 

29.  The  expenses  of  executing  this  Act  shall  be  borne,  in  the  city  Expenses  in 
of  London  and  ^e  liberties  thereof,  by  the  consolidated  rates  raised  England. 
1^  the  Commissioners  of  Sewers  of  the  city  of  London  and  the 
Hberdes  thereof,  and  in  the  rest  of  the  metropolis  by  any  rates  or 
fonds  applicable  to  the  purposes  of  the  Act  for  the  better  local 
management  of  the  metropolis,  and  otherwise  as  regards  England,  in 
counties  by  the  coimty  rate,  and  in  boroughs  by  the  borough  fund  or 
rate; 

And  as  regards  Ireland,  in  counties  by  the  grand  jury  cess,  and  in  In  Ireland. 
boroughs  by  the  borough  fund  or  rate  ;  all  such  expenses  payable  in 
any  county  out  of  grand  jury  cess  shall  be  paid  by  the  treasurer  of 
sach  county ;  and 

The  grand  jury  of  any  such  county  shall,  at  any  assizes  at  which 
it  \b  proved  that  any  such  expenses  lutve  been  incurred  or  paid  with- 
out previous  application  to  presentment  sessions,  present  to  be 
nused  off  and  paid  by  such  county  the  moneys  required  to  defray  the 
«ame. 

Special  Provinon  as  to  Tea, 

SOl  From  and  after  the  first  dai^  of  January  one  thousand  eight  Speoisl  pro- 
hundred  and  seventy-six  all  tea  imported  as  merchandise  into  and  ▼uiona  as  to 
landed  at  any  port  in  Great  Britain  or  Ireland  shidl  be  subject  to  ^^^ 
examination  by  persons  to  be  appointed  by  the  Commissioners  of 
Customs,  subject  to  the  approval  ot  the  Treasury,  for  the  inspection 
and  analysis  thereof,  for  which  purpose  samples  may,  when  aeemed 
necessary  by  such  inspectors,  be  taken,  and  with  all  convenient  speed 
be  exammed  by  the  analysts  to  be  so  ap^)ointed  ;  and  if  upon  such 
analysis  the  same  shall  be  found  to  be  mixed  with  other  substances 
or  exhausted  tea,^  the  same  shall  not  be  delivered  unless  with  the 
sanction  of  the  said  commissioners,  and  on  such  terms  and  conditions 
as  they  shall  see  fit  to  direct,  either  for  home  consum];)tion  or  for  use 
as  ships' stores  or  for  exportation ;  but  if  on  such  inspection  and 
analysis  it  shall  appear  that  such  tea  is  in  the  opinion  of  the  analyst 
nnfit  for  human  lood,  the  same  shall  be  forfeited  and  destroyed  or 
otherwise  disposed  of  in  such  manner  as  the  said  commissioners  may 
direct 

31.  Tea  to  which  the  term  "  exhausted  "  is  applied  in  this  Act 
shall  mean  and  include  any  tea  which  has  been  deprived  of  its  proper 
quality,  strength,  or  virtue  by  steex>ing,  infusion,  decoction,  or  otner 
means. 

22,  For  the  purposes  of  this  Act  everv  liberty  of  a  cinque  port  not  Cinqao 
comprised  witnin  the  jurisdiction  of  a  borough  shall  be  part  of  the  porta, 
county  in  which  it  is  situated,  and  subject  to  the  jurisdiction  of  the 
justices  of  such  county. 

33.  In  the  application  of  this  Act  to  Scotland  the  following  provi-  Special  ap- 
aions  shall  have  effect :  pUMtions 

Scotland. 

1.  The  term  **  misdemeanor  ^  shall  mean  "  a  crime  or  offence  :** 
2i  The  term  "defendant"  shall  mean    '* defend^T,^^   «si^  \a<^^s>i^A 
"  respondent  :*' 


fctions  to 


<« 


a  The  term  " /nfbnnation  "  shall  include  "  comp\aMQ!t  -r 
4,  TbMB  Act  sbAll  be   read  and   constxued  aa  \1   1< 


loT   \JCkft  \ATra. 
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AND  ANAtVSie. 


iraliuil 


"inrticen,"  ■when-ver  it  occurs  therein,  tie  term  "sheriff"  wen" 

ealMtituted : 
5.  The  term  "  iliariff  "  ahall  include  "  Hheriff-BnbBtitnte  :" 
fi.  The  t«nu  "  borough"  ahull  msan  any  royal  bui^  imd  any  biusb 

rrtumiiig  tfr  contributuig  to  rt?tum  b  mmober  to  ParLmment  i 

7.  lie  expenses  of  executing  this  Act  shall  be  borne  in  Scotlimd, 
in  coontieH,  by  the  county  gener&l  keeesnaent,  and  in  buisbii  ^ 
the  pulicv  twu-nsment : 

8.  Thia  Act  shall  be  read  and  HaifitrnodM  if  for  the  expresaion  "tte 
Ldcal  Government  Board,"  wherever  it  occurs  thrrci^  the 
«xpr«iiiiim  "  one  uf  Her  Mnjuty's  Prindt>al  Secretaries  of 
State  "  were  suhetituted  : 

II.  All  penalties  nroviiied  by  this  Act  to  be  recovered  in  a  Biuninaiy 
manner  BhoU  be  reoovered  before  the  aboriff  of  the  county  in  the 
Nberiff  court,  or  at  the  option  of  the  pet«ai  Becking  to  rucot  et 
the  same  in  the  police  court,  in  nay  place  where  a  sheriS  oSidalea 
as  a  police  magutrate  nndor  the  proviaionH  of  *'  The  Summai; 
Procedure  Act,  18&I  "  or  of  the  Police  Act  infuice  for  the  time 
in  any  place  in  which  a  sheriff  officiates  ai  afurcsaid.  and  all  the 
juriwUctiDn,  powera,  and  authorities  Dccessaiy  fur  tills  purpose 
arc  hereby  conferred  on  sheriffs  : 

Every  lueh  penalty  tnay  be  recovered  at  the  instance  of  the 
procnrator-tiscal  of  the  jurisdictinD,  or  of  the  |ien)on  who  cauited 
the  ncnlyj'eii  to  b'^  niaiJe  frcitn  wbidi  it  n|i|>         •  ■■    ■ 


d  under 


.ftli:-A 


^k  of  court,  and  by  him  shall  be  acoount«d  for  and 
paid  to  the  treasurer  of  the  county  general  aawesment,  or  the 

£]1ice  assessment  of  the  bur^h,  as  the  sherifi  shall  direcL 
reiy  penalty  imposed  by  tma  Act  may  be  reduced  or  mitigaled 
according  to  the  jadgment  of  the  sheriiC : 


imary  proccedini 


by  a  sheriff  in _, _,  , „ ,,. 

against  the  same  to  the  next  circuitcourt,  or  where  there  »«  nc 

circuit  courts  to  the  High  Court  of  Justiciary  al 

the  manner  prescribed  by  such  of  the  proviiniiiui 

the  twentieth  year  of  the  reign  of  King 

chapter  forty-three,  and  any  Acts  amending  the  same,  as  relate 

to  appeals  in  matteis  criminal,  and  by  and  under  the  rules,  limi- 

tatdoDB,  conditions,  and  restrictions  oontained  in  tlia  said  pro- 

34.  In  the  application  of  this  Act  to  Ireland, — 

0  The  term  ' '  borough  "  shall  mean  any  b 

Act  of  the  session  of  the  third  and  fourth  yea „ 

Her  present  Majesh-,  chapter  one  hundred  and  eight,  intituled 
"An  Act  for  the  Kegolation  of  Mnnieipal  Coipoiations  in 
IrelandL'^ 

The  term  "  county  "  shall  include  »  ooonty  of  a  city  and  a 
county  of  a  town  not  being  a  borough. 

The  term  "aniKa"  sbaU,  « itii  respect  to  the  county  of  DnUin, 
mean  "  presenting  term." 

The  term  "  treasnrer  of  the  comity"  shall  include  any  peracn 
or  persona  or  bank  in  any  coonty  performing  dutiei  analo^nus  to 
those  of  the  treasurer  of  the  coun^  in  countie«,  and,  with  respect 
*"  *»•-  county  of  Dublin,  it  shall  mean  the  & -'-  -  - 


Uetiowitilt&u  Vdux,  VB&  -v^jili.  reapect  to  any  oHmt  part  of 
36.  TtuH   k.cfc  iiiSi.  oonanKM*   on.  ■&«  So*,  ftij,  4  ^MvlNr  CM 
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36.  This  Act  maybedtedas  *<The  Sale  of  Food  and  Drugs  Act,  Title. 
1876." 


SCHEDULE. 


Schedule. 


To' 


Form  op  Cebtifioate. 


I,  the  nndenagned,  public  anialyBt  for  the  , 

do  hereby  certify  that  I  received  on  the  day  of  ,  18       , 

fromt  .  a  sample  of  for  anal3rBis 

(which  then  weighecLt  ),  and  have  anal3rsed  the  same,  and 

declare  the  result  of  my  analysis  to  be  as  follows : — 

I  am  of  opinion  that  the  same  is  a  sample  of  genuine 

or, 

I  am  of  opinion  that  the  said  sample  contained  the  parts  as  under, 
or  the  i)ercentages  of  foreign  ingredients  as  under. 


Gertifloate. 


ObservatUm8.% 


As  witness  my  hand  this 


day  of 
A.  B. 

at 


*  Here  insert  the  name  of  the  person  submitting  the  article  for  analysis. 

t  Here  insert  the  name  of  the  person  delivering  the  sample. 

i  When  the  article  cannot  be  conveniently  weighed,  this  passage  may  be 
erased,  or  the  blank  may  be  left  nnflUed. 

)  Here  the  analyst?  may  insert  at  his  discretion  his  opinion  as  to  ^riiether  the 
miztore  (if  anv)  was  for  the  purpose  of  rendering  the  article  portable  or 
palatable,  or  of  preserving  it,  or  of  improving  the  i^)pearance,  or  was  ana- 
voidable,  and  may  state  whether  in  excess  of  wliat  is  ordhoary,  or  otherwise, 
and  whether  the  ingredients  or  materials  misced  are  or  are  not  injurious  to 


In  the  case  of  a  oertlflcate  rsffarding  milk,  butter,  or  an^  ««^&icSb«  >&iUkA  V^ 
deoomposition,  the  analyst  shall  specially  report  w\k«ChjBc  «.u-f  cSbaas^  ^aAk 
trtcen  place  in  the  consatation  of  the  article  that  wts^^  Vii\«cl«t«  ^^  ^« 
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Bilk  of  Food  and  Decg9  An  Avommm  Acr.  IsnK 

Viot  ft  30.] 

Wlicreu  conSictinK  decincina  htvc  been  BiTcn  in  Ba^aod 

ScutUnd  in  regvd  to  the  meaums  and  HT«ct  of  ■ucUuii  mx 

UVIot.  SkIb  of  Pood  >iid  Drugs  Act,  1879,  in  thu  Act  refvned  to 

jnincilja]  Act,  &ad  it  in  expediimt,  in  thu  reepcct  ttad  rttiam 

amond  the  md  Act  t   Bd  it  onkcted  by  the  tjuecn's  mtM  Ei 

Majaity,  1>7  and  with  the  advice  and  caaaeat  ol  tli«  Lord*  S) 

and  Temporal,  and  Coniiuonn,  in  thia  jntwent  Failuiamt  ■<•« 


n  thia  iinjsent 
e.  M  (dluwa  : 


dntg  which  ia  not  of  the  nature,  ■ulintance,  and  liualitjr  of  tfae 
»fki<a~" '  demanded  by  ancU  purchWKr,  it  «ba]l  be  no  defence  %o  an 
nirchntt  proiiecolion  to  oUegc  that  the  parubaier,  having  tkMuhC  a 
furikuilyila  auaijaii.  waa  Dot  prejudiced  by  cuch  lale.     Noitber  ahalT it  bo 

defcDW  to  pron;  that  the  article  of  fnoi)  or  drug  in  qnestic 

defective  in  nature  DC  in  aubatauoe  or  in  quality,  » -■ 

all  three  reapecta. 
om  3.   Any   m«b  al   ofBoe      t  health    inipector  nf  i 


totdSec 


pecl^      f  w      ht 


tfice  ,  ... 

Kct,  may  pronire  nt  the  p 


|nU  A  -t,  h  U  Bubniit  tlie  ^. 
be  an  1  H  I,  ai  I  iirnweilini: 
t      U      f    c»l    n  lik^  mai 


dk.  if  he  shall 
ti    take  the   ni 


V  yst 

tiinti 


]    Ii..-e  of  th 

I    the  ndiiiixt 

h  ailmixtu 


n  rt 


1   rt 
1  \  t. 

»    II     t.  If 

quarter   seasiuns   xhnll  be 


lia    t   c 
IIKJ 


r  bi  uj,h  h.  c  separate  C' 
iUlpt  fn'ru  I'otitributiatJ  tinvjH 
tiiin  uf  the  ]iriiicii>ftl  Act  in  res 


SALE   OF   FOOD   AND   DRUGS  AMENDMENT  ACT,   1879.  569 

9.  The  town  ooandl  of  anv  borough  having  under  any  general  or  Provision 
local  Act  of  Parliament,  or  otherwise,  a  separate  police  establiEthment,  rorDorooghs 
and  being  liable  to  be  assesBed  to  the  county  rate  of  the  county  separate 
within  which  the  borough  is   situate,  shall  be  paid  by  the  justices  poUee. 

of  such  county  the  proportionate  amount  oonmbuted  towards  the 
expenses  incurred  by  the  county  in  the  execution  of  the  principal 
Act  by  the  several  parishes  and  parts  of  parishes  within  such  borough 
in  respect  of  the  rateable  value  of  the  property  assessable  therem, 
as  ascertained  by  the  valuation  lists  for  the  time  being  in  force. 

10.  In  an  prosecutions  under  the  principal  Act,  and  notwithstand-  ^P^**^  P*"^ 
ing  the  provisions  of  section  twenty  of  the  sud  Act,  the  summons  to  ^2^^^ 
appear  before  the  magistrates  shall  be  served  upon  the  person  charged  ceedingsT 
with  violating  the  provisions  of  the  said  Act  within  a  reasonable 

time,  and  in  tne  case  of  a  perishable  article  not  exceeding  twenty- 
eight  days  from  the  time  of  the  purchase  from  such  person  for  tc»t 
purposes  of  the  food  or  drug,  for  the  sale  of  which  in  contravention 
to  tne  terms  of  the  principal  Act  the  seller  is  rendered  liable  to  prose- 
cation,  and  particulars  of  the  offence  or  offences  against  the  said  Act 
of  which  the  seller  is  accused,  and  also  the  name  of  the  prosecutor, 
ahall  be  stated  on  the  summons,  and  the  summons  shall  not  be  made 
returnable  in  a  less  time  than  seven  days  from  tiie  day  it  is  served 
upon  the  person  sununoned. 


Niw  YoBK  Adulteration  Act,  1881. 
As  Act  to  Prevent  the  Adulteration  of  Food  or  Drugs,  1881. 

The  People  of  the  State  of  New  Torkt  represented  in  Senate  and 
Assembly,  do  enact  as  follows: — 

Section  L — No  person  shalL  within  this  State,  manufacture,  have. 
offer  for  sale,  or  sell  any  article  of  food  or  drugs  which  is  adulterated 
within  the  meaning  of  this  Act,  and  any  person  violating  this  pro- 
vision shall  be  deemed  guilty  of  a  misdemeanor,  and  upon  conviction 
thereof,  shall  be  punished  by  fine  not  exceeding  fifty  aoUars  for  the 
first  offence,  and  not  exceeding  one  hundred  dollars  for  each  sub- 
aequent  offence. 

Section  2.— The  term  "  food,**  as  used  in  this  Act,  shall  include 
every  article  used  for  food  or  drink  by  man.  The  term  **  drug,"  as 
vaed  in  this  Act,  shall  indude  all  mecucines  for  internal  and  external 


Section  3w— An  article  shall  be  deemed  to  be  adulterated  within 
4lie  meaning  of  this  Act. 
(a.H-In  the  case  of  drugs — 

1.  If,  when  sold  under  or  by  a  name  recog^nised  in  the  United 
StiMtes  Pharmacopoeia,  it  differs  from  the  standard  of  strength, 
quality,  or  purity  laid  down  therein. 

2.  lichen  sold  under  or  by  a  name  not  recognised  in  the  United 
States  Pharmacopoeia,  but  which  is  found  in  some  other  Pharma- 
copoeia or  other  standard  work  on  Materia  Medica,  it  differs  materi* 
MUy  from  the  standard  of  strength,  quality,  or  purity  laid  down 
in  such  work. 

3.  If  its  strength  or  purity  fall  below  the  professed  standard  imder 
which  it  is  sold. 

(A.)  In  the  case  of  food  or  drink — 

1.  If  any  substance  or  substances  has  or  have  Vteen  vaxodk  'm^  \^ 
«o  as  to  Teaooe  or  lower  or  injuriously  affect  its  q^oai^ty  ot  fta«i^^^ 


foods:  TUEia  coMPOBinoK  xtra  axali 


1*--^ 


3.  If  Miy  v^iuiilu  ixinUltttcnt  <  J  Uiir  ai 
put  ahatrB(it«l.  _ 

4.  II  it  ba  ui  ioutaiion  of.  or  bo  aold  nadar  Utt  i^mm 

5.  If  it  ooiMiata  wballf  or  in  pwt  (4  ft  JUw^aJ  or  Am 
putric1nrTattpn,iuiinikliirvi'goUbl«iiatMbUM»,  whoUMrn 
■irnut,or,  in  Uwca«t>  of  milk.il  it  utile  IvwtDuB  of  >  (Uw 

ti.  If  it  be  coliiurM,  or  matod,  at  poliMiail,  or  powder 
damagB  it  coDcrailed,  or  it  i«  iiumIw  to  ■fipoM'  bcltar  tliai 


.  -  ■  itiin*iIioit,  or  an 
wbich  inkj  render  such  an  utii'In  injuricnia  to  tlir  hcttltli 
connimiDg  il.  Proviiled,  that  tbe  State  tR«id  of  h^tl 
tbc  approval  of  tbu  ([nvtmuir,  fniBi  tiniB  bo  titu«  die 
nrticl^  or  En¥|»ntir>tii  to  he  PXODpt  Erato  tho  riravUoiu 
And  fiTovideJ  further,  tbat  the  prurkhiiM  of  thu  Act  alu 
to  mutarvs  or  cominiuDdit  rvrngniswl  m  MtUnaty  artii 
providfll  that  the  aiunfl  BTv  oM  fnjitriaiu  tu  IhUUi  u 
orticka  are  diitinatly  UbelUd  aa  a  taistan^  UtatoBg  Um 
of  the  roiitnre. 

Swtion  4,~It  shall  be  the  dntrot  the  State  bottnl  . 
prrimrK  ^iml  |>[.U.-),  (n™  tiling  u>  tmu-.  lii-t^  „f  thr  nrticl 


':f  no  elf,s:t!'"%\ 
sialK  brianl  of 


,rf  f 1    .  ,  1 

■■       1    .         ■  ■'].:.'  liny  article  u>" 

»!,,-.]!  1^    1       ■    i  ■        1 

..n   I'ulilie  Aiifllj-*t,.r 

,   1     .        ..[.[...iiit^d  im,W  th 

Bhilll;.,        .    ■      1.  1      ■ 

■    ■  i       .  .      .    .,„(  ,.n  I,!*  tendfn.. 

ofl.lj.'-..r„..  v„l.  ■, 

i,i  .     -  iriii,  ;■,[  n.r  tlie  par|.«s  .,f 

any  ;..!„1,    «„„1.   l 

ii,Ji,.;.>l   .1,  Uiii  Act.   u>d    whtcl 

aoUanifM-afintDffL'B 

m  I'i'Uini,',  iimlcr  n  nenalty  mrt-  ext 
(F,  ttiid  one  hundred  dullats  for  a 

Sfclitm  7.— Any  vL 

Inlii^n  n!  the  rrorisinnB  of  thi*   A 

treated  and  punbho.l 

oVnstmct.,  hinder,  or 

>tUurwi3e  i)rL-venl  any  Anajj-st,    L 
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proseoating  officer  in  the  performance  of  his  duty  shall  be  gnilty  of 
a  misdemeanor,  and  shall  be  liable  to  indictment  and  punishment 
therefor* 

Section  8. — Any  Acts  or  parts  of  Acts  inconsistent  with  the  pro- 
visions of  this  Act  are  herebjr  repealed. 

Section  9. — All  the  regulations  and  declarations  of  the  State  board 
of  health  made  under  this  Act,  from  time  to  time,  and  promulgated, 
shall  be  Jninted  in  the  statutes  at  laive. 

Section  IQ. — This  Act  shall  take  effect  at  the  expiration  of  ninety 
d*y8  after  it  shall  become  law. 
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„    —Volatile  in  milk,  244. 
Acorn  starch,  142. 
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Beer— Ash  o^  412. 

„        — Detenmnation  of, 
434. 
bitters,  404. 

and  porter — Acts  relative  to,20. 
—Extract  of;  415. 
— Fraudolent  practices  of  early 

brewers,  8. 
— Original  gravity  of,  423. 
— Sour  ferments  of,  398. 
— Volatile  and  fixed  acids  of, 
414. 
Beeswax,  131. 
Beet  sugar — Ash  of;  107. 

,,        — Composition  of,  109. 
Benzoyl  chloride — Action  on  alcohol 

of;  376. 
Bethall's  patent  process  for  milk,  265. 
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coffee,  357. 
milk,  284. 
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Bismuth — Detection   o^    in   milk, 
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Borax— Detection  o(  in  milk,  263. 
Bottger,  B.— Estimation  of  glucose 

in  presence  of  cane  sugar,  185. 
Boussingault's  analysis  of  the  secre- 
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Boutron,  Charlard,  40. 
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Brandy,  384. 
Brasileine,  88. 
Brasiline,  87. 

Brassier 's  analysis  of  cheese,  311. 
Brazil  wood,  94. 

,,  in  wine,  469. 

Bread,  164-172. 
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—Adulteration  o^  167. 

,,  with  iron,  8. 

—Black,  digestibility  of,  166. 

—Mean  composition  of,  166. 

—Old    German    regulations 

relative  to,  16. 
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Botter— W*t«T  in,  3Sa 
BntUrine,  2&G. 

„        — MelUng-poiDt  of;  29*. 
— PaltCTB  of,  291. 
Batlcrmilk,  304. 
Botj-ric  add,  205, 
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o£,450. 
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L'AiTEisB— See  Theioe. 

CaiTeo-taimii:  acid,  345. 
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Clansnizer  8  ether-extractiDg  appar- 
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,,  —  Bibliography- 
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Colour  of  water,  514. 

,,      of  wine,  460,  472. 
Colza  oil— Specific  gravity  of,  511. 
Committee— Select,  1856,  24. 

„       1874, 28. 
Concrete  sugar — Analysis  of,  110. 
Cones,  168. 

Confectionery,  sweetmeats,  82,  125. 
ConfervoB  in  water,  542. 
Copper,  26. 

in  milk,  211. 

in  peas,  188,  189. 

in  vegetables,  26. 

sulphate  in  bread,  157. 

sulphate  solution,  553. 

zinc  cou])le,  519. 
Coralline,  86,  94. 
Coriander  oil,  390. 
Corn — Adulteration  of,  3. 
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— Artificial,  277. 
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Crime  in  eleventh  and  twelfth  centu- 
ries, 5. 
Crouch  V.  Hall,  55. 
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Curcumin.  8S. 
Currant,  133,  l,3(i. 

Damsons,  133. 

Daphnin,  409. 

Dari  starch,  141. 

Darnel,  154. 

Date  coffee,  356. 

Da\'y's  test  for  alcohol,  375. 

"  Death  in  the  Pot,"  37,  .39. 

Deputy— Appointment  of,  by  inspec- 
tor, 56. 

Desmids  in  water,  542. 

Devon  cream,  270. 

Dextrine — Detection    of,     in    cane 
sugar,  106. 

Dextrose,  103,  11. 

Diarrhoea  caused  by  milk,  272. 

Dioscorides,  4. 

Distilled  water,  513. 

Donne',  36. 

„      —  Cours  Microscopic^ufix  l.Q^« 

7>^ 
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boii,536. 


Khiirhberr'b  " 
^'^idiii  test,  Sll 

Ender's  procew 
principles  in  b 

Eoain,  $6. 

EppBB coooa,  set 

t-rgot  in  floor,  I. 

aniejo  acid,  6ij. 
KiTthrophyll,  31 
Kthora— KatiatKb 
Kxtract  oftea,  3! 

KAciKoofte«,32 
FaJ»e  wuTsntr,  A 
ParinaceoDt  food : 
^Feir'-milk,  25( 
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Oelaiine  prooees  for  the  detection  of 

alnm,  168,  558. 
Gentianin,  410. 
GentiogeDin,  411. 
GeDtipicrin,  411. 
Geoflfroy,  197. 

Gerber  and  Co*8. condensed  milk,  173. 
Gerber's  lacto-le^rominose,  173. 
Gerlach's  expenmenta  on  tubercle, 

253. 
German  eoilds,  16. 
Germs — Cultivation  ot  in  water,  546. 
Gesner's  analysis  of  milk  secreted  by 

infimts,  226. 
Gibson  v,  Leaper,  49. 
Gin,  388-391. 

„    — Analysis  ofi  390. 
Ginger,  141. 

„      — F.  Redi*s  experiments  on, 
33. 
Gliadin,  152. ' 
Gloucester  cheese,  307. 
Glucose— Detection  of^  in  sugar,  105. 
Gluten-caseine,  150,  151. 

„      fibrine,  150,  151. 
Glycerine  as  an  adulterant  of  milk, 
263. 
— Estimation  of,  in  wine, 

446. 
— Pasteur's  method  of  esti- 
mating, in  wine,  394. 
Goat— Male,  milk  of,  227. 
Goats*  milk,  221. 
CkxMeberry,  133. 
CkxMe— Milk-like  secretion  of  glands 

o^  224. 
Gorgonzola  cheese,  309. 
Granulated  cocoa,  359. 
Granulose,  136. 
Grape  juice — Analysis  o^  438. 
Grapes,  133. 
Green  colours,  90,  96. 
Grimwade's  patent  process  for  milk 

preservation,  265. 
Grtfning's  method  of  aaoertaining  the 

strength  of  spirits,  374. 
Gmybre  cheese,  309. 
Gum — Determination  o^  339. 

HiEMATSIN,  87. 

H»matozylin,  87. 

Hager's  method  of  ana^^sing  butter. 

Hitter's  method  of  anahwig  eoffee, 
864. 
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Hager's  method  of  analysing  tea, 
339. 

Halogens  —  Determination     o(    in 
water  analysis,  516. 

Hammersten  on  caaeine,  206. 

Hardness  of  water — Determination 

of,  527. 
„  ,,  — Tables  of^  555, 

556. 

Hardy's  test  for  alcohol,  376. 

HassaU,  Dr.,  25,  42. 

Hawthorn  leaf —Description  of,  324. 

Heisch's  test  in  water  analysis,  546. 

Hippopotamus— Milk  of,  222. 

Hoffman's  experiments  on  milk,  200. 

Hoffman's  violet,  96. 

Hog-bean  starch,  146. 

Houyhock  as  an  adulterant  of  wine, 
471. 

Homoeopathic  cocoa,  359. 

Honey,  128-131. 

Honey  ant,  128. 

Hooke,  Dr.,  36. 

Hop-cones— Ash  of,  405. 

Hoppe-Seyler's  analysis  of  chloro- 
phyll, 91. 
,,  — Views  on  milk  glo- 

bules, 202. 

Hop-resin    and   glycerine — Estima- 
tion of,  425. 

Hops,  405. 
„    —Oil  of,  407. 

Horde  v.  Scott,  56. 

Horsford  -  Liebig   bread  —  Dtgesti- 
biUty  of,  166. 

House's  patent  milk,  267. 

Human  milk  in  disease,  246. 

Hureaux,  42. 

Hydrocarotin,  389. 

IcE-coATiiio  of  cakes,  126. 
Indican,  92. 
Indiglucin,  92. 
Indigo,  92,  96. 

as  an  adulterant  of  wine,  471. 

disulphonic  acid,  92,  95. 

monosulphonic  acid,  92,  95. 

method    of  determining  ni- 
trates in  water,  521. 

— Spectrum  of,  93. 

sulphuric  acid,  96. 
Invert  sugar,  115. 
Iodine  in  milk,  211. 
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Melampymm  arvense  as  an  adulter- 
ant of  wheat,  153. 
Melting-point  of  butter  fat  and  other 

fats,  294. 
Menyanthin,  411. 
Mercury  pump,  72. 

,,       — Use  of,  in  water  analysis, 
530. 
Metals  in  milk,  272. 
Meta-phenylenediamine,  553. 

,,    phosnhoric  acid,  553. 
Methyl  aouine  violet--Productionof, 

382. 
Methyl  oxalate— Production  oi,  382. 
Methylic  alcohol — Detection  of,  381. 
Micro-chemistry,  74. 
Micrometer  eyepiece,  73. 
Microscope,  73. 

,,  — Influence  of  invention 

of,  34. 
Micro-spectroscope,  75. 
Milk,  194-284. 

— Abnormal,  225. 

— Adulteration  of,  258. 

,,  by  cane  sugar, 

253. 
— Albuminoids  of,  206. 

and  ash,  deter- 
mination of, 

— Amphioteric  reaction  of,  227- 

240. 
ash,  210. 

,,    — Determination  of,  263. 
— Average     composition     of, 

214. 
— BibUography     relative     to, 

283. 
— Bitter     principles     derived 

from  plants,  272. 
case     (legal)  —  Defence     of 

"  rain,"  283. 
— Certiiicates  relative  to,  201. 
—Condensed,  279. 
— Decomposition  of,  257. 
—Diseased,  224,  283. 
— Early  tests  for  purity  o^  9. 
— Examination  of,  228. 
fat,  203. 

—Analysis  of,  239. 
—Extraction  of;  232. 
—"Fore,"  283. 
—Gases  o(  214. 
— Gtoeral  analysis  of,  231. 
gland— Chemistry  of,  201. 
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-Globules  of,  201. 

„  —  Whether  they 
have  a  mem- 
brane ?  202. 

—Historical  notices  o(  194- 
200. 

-like  secretion  of  birds  and 
Dlants,  224. 

— Method  of  detecting  cane 
su^r  in,  262. 

— Microscopical  characters  o£ 
231. 

— New,  manufacture  o^  from 
condensed,  282. 

— New  form  of  disease  pro- 
duced by  milk,  256. 

of  ass,  199. 

of  bitch,  223. 

of  camel,  22. 

of  cat,  224. 

of  cows  suifering  from  aphthous 
fever,  247. 

of  cows  suffering  from  disease 
of  udder,  251. 

of  cows  suffering  from  engorged 
rumen,  249. 

of  cows  suffering  from  par- 
turient apoplexy,  248. 

of  cows  suffermg  from  phthisis, 
249.  r-        «^ 

of  cows  suffering  from  pneu- 
monia, 249. 

of  cows  suffering  from  typhus, 
251. 

ofeoat,  200,  221. 

of  hippopotamus,  222. 

of  infEtnts,  225. 

of  llama,  222. 

of  mare,  221. 

of  sheep,  222. 

of  sow,  223. 

of  woman,  199,  200. 

— Penalty  for  refusing  to  sell 
samples  to  inspector,  54. 

— Preservation  of,  264. 

—Propagation  of  disease 
through,  251. 

— Quantity  yielded  by  cows, 
273. 

—Samples  o(  taken  in  transit, 

55. 
—Skim,  277. 
—Skimming    o^    262%    Vi^ 

caa^%\. 
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Mclassea,  i.u, 
Moiybdic  acid  solution,  5, 
Juoruie,  S9. 
Horitannio  acid,  89. 
Hucadin,  16]. 
Mnoor  macedo,  167, 
Mnlberry,  13a 
Musi's  procew  of  milk 

Mn»t"«8. 

Mnrtard,  484,  491. 

1.  — Adnltenttion  < 
"  — Chemiatiy  oC 
II         — MicToBcopical  1 

Mntton  fct-Melting-point 
Mynai»teofpoU»h,488. 
Myrodn,  «7. 

NArarHAUHK  t«d,  86 

tfemlor  solntion,  554. 
TIT  21,    .  ^'  "■  ''»'*"■  MalvB 
flertlM  biaonitfood,  173. 
>.       SwiM  milk,  279. 
r|eufcliatel  cbeeae,  305 


INDEX. 


583 


>» 
»» 


>f 


»♦ 


tt 


*t 


If 


>» 
»» 


f» 


Pea  soup,  Gemian,  1S7. 
Pea  tablete,  Gennan,  187. 
Peach,  133. 
Pear,  133. 
Pearl  barley,  176. 
Peart  v,  Edwarda,  59. 
Peas,  186-187. 

„     — Poisoning   by    putrid    pre- 
served, 188. 
Pepper,  492-499. 

— Adulteration  of,  497. 

— Analysis  of,  490. 

—Ash  of,  495. 

— Bibliography  relative  to, 
500. 

— General    composition    o^ 
496. 

— Legal  case  relative  to,  498. 

—Nitrates  of,  495. 

—Oil  of;  495. 

— Redi's    experiments    on, 
33. 

—Starch  of,  144. 

— Structure  of,  493. 

— Varieties  o^  492. 
Pepperers  or  spicers  —  Regulations 

r^tive  to,  10. 
Peppermint  drops,  125. 
Perkins  —  Distillation  of    volatile 

fatty  acids,  301. 
Permanganate  alkaline,  527, 554. 

,,  process,  523. 

Peronospora  inlestans,  183. 
Phaiophyll,  91. 
Pharmacopoeias — Establishment  of, 

11-18. 
Phosphates  in  the  ash,  98.  100. 
„         in  cocoa  ash,  98,  100. 
„         in  water. 
Phoaphoms — Organic,  in  milk,  239. 
Photography,  80,  81. 
Phthisical  milk,  249,  250. 
Phyllocyanine,  90. 
Phylloxanthine,  90. 
Picric  acid,  88,  94,  95,  432. 
Picrotozin — Detection  of,  431. 
Pigeon — Milk-like  secretion  o^  224. 
Piperic  add,  494. 
Piperidin,  494. 
Pipeiin,  494. 

Placitus'  views  on  milk,  194. 
PUyfidr's  experiments  on  tiie  feeding 

of  cattle,  268. 
Pliny,  4. 
Plum,  133,  LU 


>» 


It 


9t 
It 


Polarimetric   estimation   of  sugar, 

120-126. 
Police  des  commissaires,  12. 
Poison's  patent  flour,  174. 
Potassium  iodide  solution,  554. 

monochromate  —  Solution 

of,  654. 
permanganate  —  Solution 
of,  554. 
Pope  V.  Turle,  50. 
Poppy  oil — Specific  gravity  o^  611. 
Porter— Composition   o^   &c.,  399, 

400. 
Potato— Analysis  of,  184. 
fungus,  182185. 
starch   as  an   adulterant  of 
wheat  flour,  155. 
Power,  Dr.  Hy.,  36. 
Prejudice  question,  29-31,  47. 
Private  purchase  of  samples,  54. 
Proof  spirit,  133. 

Propionic  acid — Distillation  of,  451. 
Prosecution  of  offenders  against  Sale 

of  Food  and  Drugs  Act»  59. 
Prunier's     method     of    separating 

coffee  from  chicory,  354. 
Prussian  blue,  96. 
Public    analyst  —  Appointment   of^ 

52. 
Public  Analysts'  Society,  42. 
Purchase  of  samples,  53,  56,  62. 
Purple  cow  wheat,  152. 
Purpurine,  87. 

as  a  test  for  alum,  161. 
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Railway      Station  —  Taking      of 
samples  at,  63. 

Raspberry,  133,  136. 

Rectified  spirit,  370. 

Red  bread  fungus,  167. 

Redi,  Francesco,  32. 

Refusal  to  sell,  50,  55. 

Reichert's  process   for   saponifying 
butter,  300. 

Reports— Quarterly,  of  analyst,  59. 

Rhinanthin,  153. 

Rhizopus  nigricans,  167. 

Rice,  178-179. 
„    starch,  143,  145,  146. 

Riddle's  patent  process  for  the  pre- 
servation of  muk,  266. 

Ridge's  food,  173. 

Rinman's  green,  92. 
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.   method     for      'iBlectin;   , 

fmtkto  •Urch  in  wheat  lluur,  1^. 
Ilul>iiie't  nethoil  fur  rati midiii);  the 

vnlue  of  flour,  162. 
liwliuuea'a    mothod    of  exomuuiig 

llmir,  ISa. 
I'.uok  I'.  Hopley.  GO.  I 

|[u;iueforteU«GM:,3(Mi.  | 

„      — Itilieiiiojt  of  31 1. 
Hf^aniiiline,  81. 
KoBucyanin,  88. 
UunsscMi'i  diat^mttre,  510. 


itio  acid,  20G. 

>■.  177,  178. 

,.  l>re»d,  178. 

,.       ,.     — DiiHuitil-ililyof.  IW. 

.,  -Frtof.  1/7, 

..  Hour,  177. 

„  atarcb,  112,  H4. 


Sewfttre  &nn  — Influtoe*  <(« 

milk,  37:L 
Sheei>'e  milk,  222. 
SiW«i  nitnte— StituinaiAf 

SiiMlhm.  487.  ^H 

Simjiia,  4S«.  ^^1 

Sluktoa  utios.  321 .         ^H 
,  tildm  eliMM.  9O0.  ^H 

,.    innk,277. 
81m,  3S8. 
'  Small  t^  wBlw,  fill. 
Snietluo'a  SMtltad   et   deten 
the  orawuo  demoDU  of  waUi 
Smidi,  Of.  L, — Micniacope,  7; 
goajv-Standard  aulDtiDD  oC  K 
Sodir.  nilrito— Solntion  of,  561 
ttotUuni  chloHile — Solntion  of, 
„      tiydnte— Solntum  fin 


Sddaini'i  aoiution  tor  catuual 

'     iUKKr,  u:i. 

I   Soleil's  Bjcchari  meter,  122. 
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Sccliium  »tsitc\\,  \Ai. 
ScclU'ii  c«ttn\>^>  "*.  ">''- 
Sesame  o>\— ^\":»:*'>i*  -vxnWv  ,  'i\ 
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Spermaceti —rattcrii  of,  2n:2. 
S^iiral  lialance,  70. 
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Standard  solntions  in  use  in  water 

analysis,  553. 
Starch— Estimation  of,   by  conver- 
sion into  sugar,  113. 
„     —  Solution  of,  555. 
Starches  —  Microscopical  identifica- 
tion of,  138-146. 
»f      — Quantitative     determina- 
tion of,  80,  137. 
Stearin,  204. 

Stein's  photographic  camera,  80. 
Stephens*  patent  relative  to   milk 

preservation,  2C5. 
Stilton  cheese,  309. 
Stout — Composition  of,  400. 
Succinic  acid— Estimation  of,  446. 
„  — Pasteur's   method  of 

determining,  394. 
Sugar,  103-112. 

,,     — Adulteration  of,  105. 
„     —Ash  of,  107-110. 
„     candy,  126. 
,,     cane  in  milk,  262. 

compounds  with    bases,    104, 

105. 
—Estimation  of,  115-125. 
—         ,,  in  wine,  459. 

—Full  analysis  of,  108. 
invert,  103,  115. 
milk,  115. 

— Solubility  of,  in  alcohol,  104. 
— Starch  or  glucose,  detection 
of,  in  cane  sugar,  106. 
Sulphates  in  milk,  210. 
Sulphates  in  water,  523. 
Sulpho-cyaoates  in  milk,  211. 
8ulphur  in  mustard — Estimation  of, 

496. 
Sulphuric  acid  in  vinegar- Estima- 
tion of,  477-480. 
Sweetmeats,  125. 

Swiss  Company's  condensed   milk, 
264. 

Tabarie's  method  of  alcohol  estima- 
tion, 378. 

Table  beer,  400. 

Tacca  arrowroot,  143. 

Tallow— Melting-point  of,  294. 
,,      — Patterns  of,  291. 

Tannin  in  brandy,  385. 
,,      in  tea,  332. 

Tapioca,  140,  143. 

Tartaric    acid  —  Estimation    of,  in 
wine,  448,  457. 
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Tea,  314341. 
„  — Acts  relative  to,  21. 
,,  — Adulteration  of,  339. 
„  — Analysis  of,  319. 
„  —Brick,  314. 

,,  —Chemical  composition  of,  319. 
, ,  — Chemical  method  of  examining 

leaves  of,  322. 
„  — Examination  of,  by  Excise,  61. 
,,  leaf—Structure  of,  315. 
,,  — Varieties  of,  314. 
Testi  Ludovici  on  milk  sugar,  195. 
Theine— Discovery  of,  by  Lecuwen- 
hoek,  316. 
,,      —Estimation  of,  329. 
,,      — Physical  i>roi)erties  of,  317. 
„      —Solubility  of,  317. 
„      —Tests  for,  318. 
Theobromine,  361. 

,,      — Poisonous  effect  of,  363. 
Tin  in  peas,  189. 
Totfy,  126. 

Tomlinson's  cohesion  tigures,  292. 
Total  solids  of  milk,  231. 
Tons  les  mois,  1 39. 
Trinidad  cocoa,  364. 
Trinitrophenol — See  Picric  acid. 
Tritisecaline,  147. 
Tubercular  disease— Relation  of,  to 

milk,  252. 
Turmeric,  88,  95,  141. 
„       in  mustard,  489. 

Unfermentei)  wine,  473. 
Urea  in  milk,  213. 

„  —Estimation  of,  243. 

Vacutm  processes,  72. 

, ,  for  estimating  the 

water    in    milk, 
236. 
Valerianic  acid,  451. 
Valuation  of  water,  549. 
Vanilla  chocolate,  360. 
Vemois  and  Becquerel's  method  of 

milk  analysis,  230. 
Villenin's  experiments  on  tubercle  in 

milk,  252. 
Vinegar,  475-480. 

„      — Adulteration  of,  476. 
„      — Analysis  of,  476. 
,,      eels,  uu. 
„      malt,  475. 
,,      win©,  ^i^o. 
\  V\tn\v\\xa,  4. 
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.,      obecrmtiani    on   jnirpnrin* 

and  alum,  lliO. 
VnlMennBoDmilk,  198. 
VullyanM.  198. 

\VAi.LAa[.I>r.,oii>ngara<>li,  108. 
WiHiklyn  and  Cooper's  noiiit  oom- 

l>ii<)tioD  prooeu,  S3S. 
Wanklyn's  method  of  milk  analfsia, 
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Warranty,  6 

-F4lM,  81. 

\V^rrin[;ton'i  nwthod  of  Ktandardia- 

Ldl;  iuduo  aolatioB,  S21. 
Water,  613-553, 

— Biologioal  methoda  of  tXA- 

miaation,  MO. 
— CarlHtn  ureauic  deterTrin&- 
tion  of  628,  630,  530, 

„      -Cnrlinn 
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.  of,  ,-1 


r,  301. 
WbMt— Asb  oC,  W7. 

,.    cUrch.  142,  144.  li&. 
Wlmten  Soar,  l4«-]<>3. 
Wbay,  313. 
Wblfiky.  S86-3S8. 

,,        — FaoKt  od  in.  .1 

-L«inU   cue   n\ 

388. 

.,        — Metliylic  alcoLa 

Whole  no*!  bread,  166. 

WixDn''ii  oipori  maiiti  on  t 


method  of  Uking  til 

gravity  of  &i,  a 

,,      HiLt  for  valoAttoa  i 

Ma 

Wine— AdultutttioB  tO,  MS 

„    — Alcohol  in.  443. 

,,    — Analvsis  of,  473. 
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RELIGIOUS    WORKS. 


ALTAR     OF    THE     HOUSEHOLD    (The);    a 

Series  of  Prayers  and  Selections  from  the  Scriptures,  for  Domestic  Wor- 
ship, for  every  Morning  and  Evening  in  the  Year.  By  the  Rev.  Dr. 
Harris,  assisted  by  eminent  Contributors,  with  an  Introduction  by  the 
Rev.  W.  Lindsay  Alexander,  D.D.  Nino  Edition^  entinly  Revised, 
Royal  4to,  with  Steel  Frontispiece.  Cloth,  eilt  edges,  22/-.  May  also 
be  had  bound  in  the  following  styles :  half-bound  calf,  marbled  edges ; 
and  levant  morocco,  antique,  gilt  edges. 

•^*  Also,  Illustrated  with  a  Series  of  First-class  Engravings  on  Steel, 
descriptive  of  the  most  important  Events  in  the  Old  and  New  Testaments, 
at  6/-  extra. 

ANECDOTES    (Cyclopaedia   op    Religious   and 

MORAL).  With  an  Introductory  Essay  by  the  Rev.  George  Cheever, 
D.D.    Crown  8vo.     Cloth,  3/6.     Thirty-fourth  Thousand, 

*«*  These  Anecdotes  relate  to  no  trifling  subjects :  and  they  have  been  selected,  not 
for  amusement.^  but  for  instruction.  By  those  engaged  in  the  tuition  of  the  young,  they 
will  be  found  highly  usefuL 

BIBLE   HISTORY  (A  Manual  of).     By  the  Rev. 

J.  Wycliffe  Gedge,  Diocesan  Inspector  of  Schools  for  Winchester, 
Small  8vo.     Cloth  neat,  7d. 

This  small  but  very  comprehensive  Manual  is  much  more  than  a  mere  summary 
of  Bible  History." — Church  Sunday  School  Magasim. 

The  Large-Type  Bunyan. 

BUNYAlSrS    PILGRIM'S    PROGRESS.       With 

Life  and  Notes,  Experimental  and  Practical,  by  William  Mason. 
Printed  in  large  type,  and  Illustrated  with  full-page  Woodcuts.  Crown 
8vo.    Bevelled  boards,  gilt,  and  gilt  edges  3/6.     Twelfth  Thousand, 
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STANDARD   BIBLICAL  WORKS, 

BY 

THE  RFA'.  JOHN  EADIE,  D.D.,  LL.D., 

LnU  Professor  of  Biblical  Literahtre  and  Exegesis  to  the  United  Presiyterian  Churchy 
and  Member  of  the  Neiv  Testament  Rer*ision  Com/any. 

This  Series  has  been  prepared  on  an  accurate  and  scientific  basis,  to  afTord  sound  and 
necessary  aid  to  the  Reader  of  Holy  Scripture.  The  Four  Volumes  comprised  in  it,  form  in 
themselves  a  Completb  Library  of  Reference,  Biblical  and  Ecclesiastical.  Number 
of  copies  already  issued,  ovKR  a  quarter  of  a  million. 


I.     EADIE   (Rev.   Prof.);    BIBLICAL    CYCLO- 

P.4EDIA  (A) ;  or,Diciionar3'of  Eastern  Antiquities  and  Customs,Geography, 
Natural  History,  Sacred  Annals,  Biography,  and  Biblical  Literature, 
illustrative  of  the  Old  and  New  Testaments.  With  Maps  prepared 
expressly  by  Messrs.  W.  &  A.  K.  Johnston,  many  Engravings,  and  Litho- 
graphed Fac-Siraile  of  the  recently-discovered  Moabite  Stone,  with 
Translation  of  the  Inscription.  Large  post  8vo.,  700  pages.  Handsome 
cloth,  7/6  ;  half-bound  calf,  10/6  ;  morocco  antique,  16/-  Twittty-second 
Edition. 

"We  must  regard  Dr.  Eadle's  Bible  Dictionary  as  decidedly  the  best  adapted  for 

the '  ■ 


popular  use,  and  have  always  found  it  a  reliable  authority.  To  the  Clergy  not  possessed 
of  large  libraries,  and  to  whom  the  price  of  books  is  important,  we  can  cordially  recom- 
mend the  present  volume." — Clerical  Journal. 

II.  EADIE     (Rev.   Prof.):     CRUDEN'S     CON- 

CORDANCE  TO  THE  HOLY  SCRIPTURES.  With  a  Portrait  on 
Steel  of  Alexander  Cruden,  M.A.,  and  Introduction  by  the  Rev. 
Dr.  King.  Post  8vo.  Cloth,  3/6 ;  half-bound  calf,  6/6 ;  full  calf,  gilt 
edges,  8/6  ;  full  morocco,  gilt  edges,  10/6.     Forty-sixth  Edition. 

^•^  Dr.  Ea die's  has  long  and  deservedly  borne  the  reputation  of  being  the  COM- 
PLETEST  and  BEST  CONCORDANCE  extant. 

III.  EADIE  (Rev.  Prof.):   CLASSIFIED   BIBLE 

(The).  An  Analytical  Concordance  to  the  Holy  Scriptures.  Illustrated 
by  Maps.  Large  post  8vo.  Cloth,  bevelled,  8/6 ;  morocco,  17/- 
Stxth  Edition. 

The  object  of  the  Classified  Bible  is  to  present  the  entire  Scriptures  under 
certain  distinct  and  exhaustive  Heads  or  I'opics.  it  differs  from  an  ordinary  Concord- 
ance in  that  its  arrangement  depends  not  on  words,  but  on  subjects.  The  Reader  will 
find,  under  fort^-two  different  Sections',  what  the  Bible  says  in  relation  to  Doctrine, 
Ethics,  Antiquities,  &c.  The  verses  being  printed  in  full,  rtference  and  comparison  are 
greatly  facilitated. 

"  We  have  only  to  add  our  unqualified  commendation  of  a  work  of  real  excellence  t« 
every  Biblical  student." — CI  ristian  Times. 

IV.  EADIE  (Rev.   Prof.):      ECCLESIASTICAL 

CVCLOP/EDIA  (The)  ;  A  Dictionary  of  Christian  Antiquities,  Sects, 
Denominations,  and  Heresies  ;  History  of  Dogmas,  Rites,  Sacraments, 
Ceremonies,  &c.,  Liturgies,  Creeds,  Confessions,  Monastic  and  Religious 
Orders,  Modern  Judaism,  &c.  By  the  Rev.  Professor  Eadie,  assisted  by 
the  Rev.  Dr.  Haktwell  Horne,  Ven.  Archdeacon  Hale,  Professor 
Mac  Caul,  and  other  contributors.  Large  post  8vo.,  Cloth  bevelled,  8/6  ; 

morocco  antique,  17/-     Sixth  Edition. 

*'  Our  reader*  will  not  need  to  be  told  that  this  Is  a  *  comprehensive '  work,  and  we  may 
add  that  it  is  on^  which  will  be  found  useful  and  convenient  to  a  large  number  of  both 
clergy  and  laixy .*' —English  Churchman. 
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»ALEY  (Archdeacon) :  NATURAL  THEOLOGY : 

Or,  The  Evidences  of  the  Existence  and  the  Attributes  of  the  Deity. 
With  Illustrative  Notes  and  Disserutions,  by  Henry,  Lord  Brougham, 
and  Sir  Charles  Bell.    Many  Engravings.   One  vol.,  i6mo.   Cloth,  4/-. 

"  When  Lord  Brougham's  elocjuence  in  the  Senate  shall  have  pa««ed  away,  and  his 
services  as  a  statesman  shall  exist  only  in  the  free  institutions  which  they  have  helped 
to  secure,  his  discourse  on  Natural llheology  will  continue  to  inculcate  imperishable 
truths,  and  fit  the  mind  for  the  higher  revelations  which  these  truths  are  (kstined  to 
foreshadow  and  confirm." — Edifiburgh  Review. 

>ALEY  (Archdeacon) :  NATURAL  THEOLOGY: 

with  Lord  Brougham's  Notes  and  DIALOGUES  ON  INSTINCT. 
Many  Illustrations.     Three  vols.,  i6mo.     Cloth,  7/6. 

*^*   This  Edition  contains  the  vohole  of  the  Original   Work^  published  at 
Two  Guineas^  with  the  exception  of  the  Mathematical  Dissertations. 

lAGG   (Rev.  Thomas):     CREATION'S    TESTI- 

MONY  TO  ITS  GOD  :  the  Accordance  of  Science,  Philosophy,  and 
Revelation.  A  Manual  of  the  Evidences  of  Natural  and  Revealed 
Religion  ;  with  especial  reference  to  the  Progress  of  Science  and  Advance 
of  Knowledge.  Revised  and  enlarged,  with  new  Appendices  on  Evolu- 
tion and  the  Conservation  of  Energy,  Large  crown  8vo.  Handsome 
cloth,  bevelled  boards,  5/-.     Thirteenth  Edition. 

"  We  arc  not  a  little  pleased  again  to  meet  with  the  author  of  this  volume  in  the  new 
edition  of  his  far-lamed  work.  Mr.  Ragg  is  one  of  the  few  original  writers  of  our  time  to 
whom  justice  Is  being  done." — British  Standard. 

*v*  This  work  has  been  pronounced  "The  Book  of  the  Age,"  "The  best  popular  Text- 
Book  of  the  Sciences,"  and  **  llie  only  complete  Manual  of  Religious  Evidence,  Natural 
and  Revealed." 

lELIGIONS  OF  THE  WORLD  (The):    Being 

Confessions  of  Faith  contributed  by  Eminent  Members  of  every  Denomi- 
nation of  Christians,  also  of  Mahometanism,  the  Parsee  Religion,  the 
Hindoo  Religion,  Mormonism,  &c.,  &c.,  with  a  Harmony  of  the  Christian 
Confessions  of  Faith  by  a  Member  of  the  Evangelical  Alliance.  Crown 
8vo.     Cloth  bevelled,  3/6.     New  Edition. 

*»*  In  this  volume,  each  denomination,  through  some  leading  member,  has  expressed 
Its  own  opinions.  l*here  Is  no  book  in  the  language  on  the  same  plan.  All  other  works 
cm  the  subject,  bemg  written  by  one  individual,  are  necessarily  onesided,  incomplete, 
and  unauthentic. 

iCOTT    (Rev.    Thomas):     A    COMMENTARY 

ON  THE  BIBLE;  containing  the  Old  and  New  Testaments  according  to 
the  Authorised  Version,  with  Practical  Obser\'ations,  copious  Marginal 
References,  Indices,  &c.    In  3  vols.,  royal  4to.    Cloth,  63/-.    New  Edition, 

:iMBS    (John,    F.S.A.,    Author    of    ^'Things   not 

Generally  Known,"  &c.)  : 

THOUGHTS  FOR  TLMES  AND  SEASONS.  Selected  and  com- 
piled by  John  Times.     Fcap.  8vo.     Cloth  neat,  i/-.     Second  Edition. 

**  In  a  neat  and  concise  form  are  brought  together  striking  and  beautiful  passages  from 
the  works  of  the  most  eminent  divines  and  moralists,  and  political  and  scientific  writers 
of  acknowledged  ^M^^Xy"— Edinburgh  Daily  JRevirtu. 
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Aitken'S  VfOILlUS— {continued). 

iN  (William,  M.D.,  F.R.S.)  :  OUTLINES 

HE  SCIENCE  AND  PRACTICE  OF  MEDICINE.    A  Text- 
QT  Students.      Crown  8vo.     Second  Edition  in  Preparation. 

»mplete  as  to  form  a  useful  work  of  reference.    The  natural  history  of  the 


.  and  students." — Lancet. 

l-digested,  clear,  and  well  written,  the  work  of  a  man  conversant  with  every 

r  his  subject,  and  a  thorough  master  of  the  art  of  teaching."— i/n'/xM  MedL'tU 

I. 

lents  preparing  for  examinations  will  hail  it  as  a  perfect  godsend  for  its  con- 

," — Athenttum. 

'espect  of  both  the  matter  contained,  and  the  manner  in  which  it  is  conveyed, 

mination  has  convinced  us  that  nothing  cuuld  be  better We  know  of  no 

V  of  the  use  of  Electricity  as  a  means  of  diagnosis,  equal  to  that  contained 
)ection  on  Diseases  of  the  Nervous  Sy^Kvau'—Medico-ChirurgicalRtvirai, 

:N  (William,  M.D.,  F.R.S.) :  The  GROWTH 

'HE    RECRUIT,  and  the  Young  Soldier,  with  a  view  to  the 

on  of  "  Growing  Lads  "  and  their  Training.      Second  Edition  in 

ation. 

s  little  work  should  be  in  the  hands  of  all  instructors  of  youth,  and  all  employers 

!»ful  labour."— /.rtwr/. 

:N  (William,    M.D.,   F.R.S.)  :    OUTLINE 

RES  OF  THE  TRUNK  OF  THE  HUMAN  BODY,  on 
to  indicate  the  areas  of  physical  signs  in  the  Clinical  Diagnosis  of 
e.     For  the  use  of  Students  and  Practitioners  of  Medicine.     i/6. 


IT>   (Prof.,   M.A.,   F.R.S,)  :  GEOLOGY,   a 

iTISE  ON.    (Circle  of  the  Sciences).    Crown  8vo.    Cloth,  a,  6. 

LD     (Prof.,    M.A.,    F.R.S.):     NATURAL 

DRY  OF  THE  INANIMATE  CREATION,  recorded  in  the 
ure  of  the  Earth,  the  Plants  of  the  Field,  and  the  Atmospheric 
mena.     With  numerous  Illustrations.     Large  post  8vo.     Cloth,  8/6. 


)   (W.,   M.D.,   F.L.S.,   late  of   the    British 

m)  : 

E  STUDENT'S  NATURAL  HISTORY  ;  a  Dictionary  of  the 
il  Sciences  :  Botany,  Conchology,  Entomology,  Geology,  Miner- 
Palaeontology,  and  Zoology.  With  a  Zoological  Chart,  showing 
stribution  and  Range  of  Animal  Life,  and  over  two  hundred  and 
lustrations.     Demy  8vo.     Cloth  gilt,  1 0/6. 

work  is  a  very  useful  one,  and  will  contribute,  by  its  cheapne.s.s  and  coropre- 
less,  to  foster  tne  extendbg  taste  for  Natural  ^cxoitx." '^Westminster  Review. 
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THE    CIRCLE    OF    THE    SCIENCES: 

A   SERIES    OF    POPULAR   TREATISES 
ON     THE     NATURAL     AND     PHYSICAL     SCIENCES, 

And  their  Applications, 

BY 

Professors  Owen,  Ansted,  Young,  and  Tennant  ;  Drs.  Latham,  Edward 

Smith,  Scoffern,  Bushnan,  and  Bronner  ;  Messrs.  Mitchell,  Twisden, 

Dallas,  Gore,  Imray,  Martin,  Sparling,  and  others. 

Complete  in  nine  volumes,  illustrated  with  many  thousand  Engravings  on 
ii^ood.     Crown  8vo.     Cloth  lettered.     5/-  each  volume. 


^OL.  I.— ORGANIC  NATURE.— Part  I.  Animal  and  Vegetable  Physiology; 
the  Skeleton  and  the  Teeth  ;  Varieties  of  the  Human  Race  ;  by  rrofessor 
Owen,  Dr.  Latham,  and  Dr.  Bushnan. 

M.  2.— ORGANIC  NATURE.— Part  II.  Structural  and  Systematic 
Botany,  and  Natural  History  of  the  Animal  Kingdom — Invertebrated 
Animals ;  by  Dr.  Edward  Smith  and  William  S.  Dallas,  F.L.S. 

OL.  3.— ORGANIC  NATURE.— Part  III.  Natural  History  of  the  Animal 
Kingdom — Vertebrated  Animals  :  by  William  S.  Dallas,  F.L.S. 

'oL.  4.— INORGANIC  NATURE.— Geology  and  Physical  Geography; 
Crystallography ;  Mineralogy  ;  Meteorology,  and  Atmospheric  Pheno- 
mena ;  by  Professor  Ansted,  Rev.  W.  Mitchell,  M.A.,  Professor 
Tennant,  and  Dr.  Scoffern. 

OL.  5.— PRACTICAL  ASTRONOMY,  NAVIGATION,  AND  NAUTI- 
CAL ASTRONOMY  ;  by  Hugh  Breem,  Greenwich  Observatory,  Pro- 
fessor Young,  and  E.  J.  Lowe,  F.R.A.S. 

OL.  6.— ELEMENTARY  CHEMISTRY.— The  Imponderable  Agents  and 
Inorganic  Bodies,  by  JOHN  ScOFFERN,  M.D. 

CU  7.— PRACTICAL  CHEMISTRY.— Monographs  on  Electro-Metallurgy; 
the  Photographic  Art ;  Chemistry  of  Food  and  its  Adulterations ;  and 
Artificial  Lignt ;  by  GEORGE  Gore,  Birmingham,  John  Scoffern, 
M.D.,  Dr.  Edward  Bronner,  Bradford,  Marcus  Sparung,  and 
John  Martin. 

OL.  8.— MATHEMATICAL  SCIENCE.— Philosophy  of  Arithmetic; 
Algebra  and  its  Solutions  ;  Plane  Geometry ;  Logarithms  ;  Plane  and 
Spherical  Trigonometry  ;  Mensuration  and  Practical  Geometry,  with  use 
of  Instruments  ;  by  Professor  YoUNG,  Rev.  J.  F,  TwiSDEN,  M.A.,  Sand- 
burst  College,  and  Alexander  Jardine,  C.E. 

Ol.  q.— mechanical  PHILOSOPHY.— The  Properties  of  Matter, 
Eiementary  Statics  ;  Dynamics  ;  Hydrostatics  ;  Hydrodynamics ; 
Pneumatics  ;  Practical  Mechanics  ;  and  the  Steam  Engine  ;  by  the  Rev. 
Walter  Mitchell,  M.A.,  J.  R.  Young,  and  John  Imray. 


aoAMLMB  GMirmf  *  coMPAirrn 
THE    CIRCLE    OF    THE    SCIENCES. 


In  Separate  Treatises.    Cloth. 


^ 


.   BxeEM'S  Practical  AslroDoay   . 
|.  Dkonnek  and  ScoFFEssi't  Onmaiiy  of  PooJ  and  Did 
4.  Bi;sHNAt<'s  Physiology  of  Anima)  lad  Vcgeublc  Liie 


4.  Bi;sHNAt<'s  Physiology  oi  A 
j.  Gome's  TJiiotv  and  Pianke 
6.  ImbaY's  Practical  Metfaania 


IJ.  ScorVERN'S  Cbemistry  of  the  InocFaiiic  Bodies 

14.  Scant^H'i  Chemistnr  of  ArtifiriarUg^bt 

15.  SCOM-JWN  and  Low^s  Prartical  Metcorolt^y  . 

16.  Smith's  Intruducliontoltolany  :  Slnicluial  andSys 

17.  TwiSDE-d's  Plane  and  Spherical  Tii^onametiy. 

18.  TWMDAN  on  Logariihim 

19.  Young's  Elemenn  of  Algebra  .... 

30.  Young's  Solutions  of  ^ntioD)  in  Atgebn 

31.  Young's  Navigation  and  Nautical  Ailromony  . 

33.  Young's  Plane  Geometrr 

1%,  Young's  Simple  Aiitbmetic      .... 
H-  Young's  Elementary  Dynamics 


DALLAS   (W.  S.,    F.L.S): 

A    POPULAR    HISTORY   OF    THE    ANIMAL   GREAT 

being  a  S):slematic  and  Popular  DeicriptloTi  of  the  Habit-i,Stnii;tu 
Ciastilicalion  uf  Animals.  With  coloured  Frontispiece  and  many  hi 
llluslralioas.     Crown  Svu.     Cloth,  8/6,     AVc  EdUiBii. 

DOUGLAS    (John  Christie,  Mem.  Soc.  Td.-Ei 

eers,  East  India  Govt.  Teleg^ph  Department,  &c) 

A     MANEJAL     OF     TELEGRAPH     CONSTRUCTION: 
Mechanical  Elements  of  Electric  Tclemph  Eneineering.     For  tl 
of  Telegraph  Engineers  and  others.     With  numerous  Diagr.imi.    I 
8vo,  clolh.  bevelled,  15/..     Sramii  Editkm. 
'.'  PablishtJ  Kith    ikt  Approfal  of  l/ii  Dittilar-Generat  of   T'bg" 

GENERAL   CONTENTS. 

I.— General  Pbincii'LES  of  Strength  andStabiliti' 
\\.— Properties    and    Applications    of   Matehj.»l5 
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Douglas's  Telegraph  Construction — (continued). 

Part  III. — Telegraph  Construction,   Maintenance  and 
Organisation. 


<i 


Mr.    Douglas  deserves  the  thanks  of   Telegraphic    Engineers  for  the  excellent 

'  Manual '  now  before  us         .    .    .     he  ha.s ably  .supplied  an  existing  want 

the  subject  is  treated  with  great  clearness  and  judgment  ....  good  praciical 
information,  given  in  a  clear,  terse  style." — Engineering. 

**  Mr.  Douglas's  work  is,  we  believe,  the  first  of  its  kind  ....  The  author  is 
evidently  a  practical  Telegraphic  Engineer  •  • ,  •  •  The  amount  of  information  given 
is  such  as  to  render  this  volume  a  most  useful  guide  to  any  one  who  may  be  engaged  in 
any  branch  of  Electric -Telegraph  Engineering.  — Athenirum. 

*'  llie  book  is  calculated  to  be  of  jsn^at  service  to  Telegraphic  Engineers.  .  .  .  the 
arrangement  is  so  judicious,  that  with  the  aid  of  the  full  table  of  contents,  reference  to 
any  special  point  should  be  easy." — Iron. 


3RIFFIN   (John  Joseph,  F.C.S.): 

CHEMICAL  RECREATIONS  :  A  Popular  Manual  of  Experimental 
Chemistry.  With  540  Engravings  of  Apparatus.  Crown  4to.  Cloth. 
Tenth  Edition. 

Part  I.     Elementary  Chemistry,  price  2/- 

Part  II.     The  Chemistry  of  the  Non-Metallic  Elements,  including  a 
Comprehensive  Course  of  Class  Experiments,  price  10/6 

Or,  complete  in  one  volume,  cloth,  gilt  top,  12/6. 

tURDEN    (Richard    Lloyd,    Authorised   Surveyor 

for  the  Governments  of  New  South  Wales  and  Victoria)  : 

TRAVERSE  TABLES  :  computed  to  Four  Places  Decimals  for  every 
Minute  of  Angle  up  to  100  of  Distance.  For  the  use  of  Surveyors  and 
Engineers.     In  folio,  strongly  half-bound,  price  30/- 

*^*   Pultlished  with    Concurrence  of  the    Surveyors-General  for    New    South 
Vales  and   Victoria, 

**  Mr.  Garden  is  to  be  thanked  for  the  extraordinary  labour  which  he  has  bestowed  on 

facilitating  the  work  of  the  Surveyor An  almost  unexampled  instance  .of  pro- 

fessional  and  literary  industry,"— ^/^»<r«Mr. 

"  ThoM  who  have  experience  in  exact  Survbv-work  will  best  know  how  to  appreciate 
the  enormous  amount  of  labour  represented  by  this  valuable  book.  I'he  computations 
enable  the  user  to  ascertain  the  sines  and  cosines  for  a  distance  of  twelve  miles  to  within 
half  an  inch,  and  this  by  reference  to  but  One  Table,  in  place  of  the  usual  Fifteen 
minute  computatioas  required.  This  alone  is  evidence  of  the  assistance  which  the  Tables 
ensure  to  every  user^  and  as  every  Surveyor  in  active  practice  has  felt  the  want  of  such 
assistance,  few  knowing  of  their  publication  will  remain  without  them." — Engineer. 

"  We  cannot  sufficiently  admire  the  heroic  patience  ot  the  author,  who,  in  order  to 
prevent  error,  calculated  each  result  by  two  different  modes,  and,  before  the  work  was 
finally  placed  in  the  Printers'  hands,  repeated  the  operation  for  a  third  time,  on  revising 
the  proofs. — Engineering. 

"Up  to  the  present  time,  no  Tables  for  the  use  of  Surveyors  have  been  prepared, 
which,  in  mintiteness  of  detail,  can  be  compared  with  those  compiled  by  Mr.  Gurden. 

With  the  aid  of  this  book,  the  totl  of  calculation  is  reduced  to  a  minimum  ; 

and  not  only  is  time  saved,  but  the  risk  of  error  is  avoided.  Mr.  Gurden's  book  has  but 
to  be  known,  and  no  Engineer's  or  Architect's  office  will  be  without  a  copy.**— Architect. 

'*  A  valuable  acquisition  to  those  employed  in  extensive  surveys." — Building  Netus. 

"These  Tables  are  characterised  by  absolute  simplicity,  and  the  saving  of  time 

effected  by  their  use  is  most  material Everyone  connected  with  Engineering 

or  Survey  should  be  made  aware  of  the  existence  of  this  elaborate  and  useful  set  oi 
Tzb]n.**-Builder. 


CHARLES    GRIFFIS  *    COiTPAXTS 

LU,  VRKI)    (Arthur,  M.D.,    F.R.C.P..   late 

!'M>^i.;an  lo  the  Great  Northern  Hospital): 

IMrKRFRCT  DIGESTION:    Its  Causes  and  Treatment. 
V.'l  'th,  4,6.     Sixth  Edition. 

•*  li  now  con^iicutri-  a1»oiit  the  best  work  on  the  subject," — Lancet. 

'  Dr.  I^are.l  ha-^  treated  a  most  important  subject. in  a  practical  spirit 
mAiincr."  -  McdLal  Ti;i:cs  ami  Ctistette. 

"  A  u-^eful  m  \n\ii^\  of  the  subject  upon  which  it  treats  and  we  weico 
:uUlitio:i  to  our  MoJical  Liter.xiurc."— ^«W«>*  Qnarterly  j0Mrit.rl i*/ Maik 

MOFFITT    (Staff- Assistant-Surgeon  A.,  late 

Royal  Victoria  Hospital,  Netley)  : 

A  MANUAL  OV  INSTRUCTION  FOR  ATTEXD;^ 
Tin:  SICK  AND  WOUNDED  IN  WAR.  With  numeroi 
lions.     Post  8vo.     Cloth,  5/- 

*^*  Publish  fd  under  the  sanction  of  the  National  Society  far  Aid  to  t 
Wounded  in  1 1  \ir. 

"A  work  by  a  pr.irti:al  .ind  experienced  author.    After  an  explicit  ch 
y  ••ftnj   Hu:.\.i:i   r.^niy.  direction^  are  given  concerning;  Kanilajin; 

•••."•     S:k  .  ;i- ;i  t;i::>'."t.'  l-.>   wounJecl  on   ticM  of  ;u:tii:i,  *t'->;:  .\^r-,. 


Anatomy 

.Si.-  ■   .    V  ••.  ■     .     o.'i;  . 
.IT".  ..:".'.:i'  ■.-,  I...  .  ,.     l 
illu-tiutioii>  "     I';,  "'*". 

''A  woll  writt-^  I  y-i'V'.v:. 


<\.:.     All  IV.  Mo:"fut'>  i:istrucllo:i-'  are 


•l.-tCv 


i  \\  •::',■>:. 


'1\-  hiil.al  l.in:ru;i-j:c  li.i> 


.JL'OTl 


:i\'>i  K 


.»  - 


':;  .1 


aii-l  am]^I'-  ••\i«l\'i  iti.ui-  .\r'.*  .it''"'»ril'id  on  .li!  m.ilti;r>  o'l  ih-^  u^t:>  :t;i  1  in.i:i.-., 
Fi^-M  Ho>i>uai  K  ;'iii^::»ciii 'jf  I'ao  Iliiti.^ii  Army."  —Siii'.-itir.f. 


NAPIER  (James,  F.R.S.E.,   F.C.S.): 

A    MANUAL    OF    KLKCTRO-METALLURGY.     \\Wa 
illustration-.     Cro*\M  Svv),  cl-jth  7,6.     Fif/h  Edifwi:,  rt^iise  i  ar,, 

GLNRRAL  CONTENTS. 


I.— Hl^TOKY  of  the  .\:  T. 
II.  — Dl'^CKII'TlDN    «..f  li  M.VAMC    BATTKKIhS 

ai.d  their  Ri  si'1-..t  ivi.  pjxi  makitikn. 

III.   -ELt(.TK<  iTVl'K    i'l'. )..  ES>i:S. 

IV.-  Ukdn/im;. 

V.  -MlsCELLANK')!    ■.    Al'!'!  IC  A  m  )N»<    of  thc 

l*roce>.>  of  C<  »A 1 1 '. >;  w iih  Cori'KR. 


VI.— I")K!.>SITMN     •)f     MfT  > 

another. 
VII.--Klkctr'>-Pi  \r;N«:. 
VI 1 1.  — Klectk<>-1  Jii.ni.sr.. 
IX. — Rksii.ts  of   K\I'Kt:im 
niri-osnioN     of   other 

C'lATI.Nt.r^. 

X. — Thuokktii.al  Or^ij<\  ■ 


"A  work  tluit  ha«i  l»ccome  an  eNta]>H«.hed  authority  on  P'.l'-*''tr.>- Metal 
which  h.xs  bfcii  <^f  ii'.rnen^'  u>c*  lo  the   Manufacturer  in  t\c>Ki'»i»:is^i>.^^  !':■■  ■/■ 

<<rt\:tfr{S  vie  t  ah  .■■'•j.''/-.'- /,  nr.d  i>t  e.xtcJidiug^  the  <:,ilc  of  Art   M.x".ttf',t:t  ..•/; 
Ve  can  h«:artily  ( onunend  the  work  a>  a  \aluablo  lianillv.x>k  on  llie  >uUjei. 
treats." — fourpuU  of .  Ipplicd  Science. 

**  The  fact  of  Mr.  N.ijiicr's  Treatise  having  reached  a  kiptk  euiti.'N  in  ^ 

of  an  appreciatioi  of  the  Author's  mode  of  treating  his  suhject 

and  practical  little  Manual."-  /nv/. 

"The  Fifth  Kditi'>n  hits  all  the  .ndvantapjes  of  a  new  work,  and  of  .1  prn 
Mr.  Napier  i,s  well  known  for  the  carcfulne.s*  and  accuracy  witr-.  w:. 
There  is  a  thoroughness  in  the  handlint;  of  the  suhjcct  wKich  is  f.ir 


the.^  days.     .     .     .     Ihe  work  is  one  of  those  which,  I>csidr.s  supplyl 
Ll\otv,3L\^  calculated  to  inspire  in\ention."  -7«'*«'t'^^<''''"'J'  H'ut.htnt 
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NAPIER    (James,   F.R.S.E.,   F.C.S.)  : 

A  MANUAL  OF  THE  ART  OF  DYEING  AND  |  DYEING 
RECEIPTS.  Illustrated  by  Diagrams  and  Numerous  Specimens  of 
Dv-ed  Cotton,  Silk,  and  Woollen  Fabrics.  Dem}'  8vo.,  cloth,  21/-. 
ihird  Edition^  thoroughly  reinsed  and  greatly  enlarged. 

GENERAL  CONTENTS: 
I. — Heat  and  Light.  ;  IV.— Vkgetable  Matters  in  use 


II.— A  Concise  System  of  Chemistry, 
with  special  reference  to  Dyeing. 
III.— Morijants  and  Alterants. 


D>*e- house. 
V. — Animal  Dyes. 
VI  — Coal-tar  Colours. 


Appendix— Receipts  for  Manipulation. 

"The  numerous  D>'eing  Receipts  and  the  Chemical   Information  furnished  will  be 

exceedingly  valuable  to  the  Practical  Dyer A  Manual  of  nece.s<%ar>'  reference  to 

all  those  who  wish  to  master  their  trade,  and  keep  pace  with  the  scientific  discoveries  of 
the  time." — yourtial  of  Applied  Science. 

In  Preparation.  Demy  8vo.,  Third  Edition  :  thoroughly  Revised,  Augfmentcd, 

and  in  part  Re->\Titten, 

%   (TRanuaf   of  (Keofojj 

theoretical    &    PRACTICAL, 

By    JOHN    PHILLIPS,   M.A.,    P.R.S. 

Late  Professor  of  Geology  in  the  University  of  Oxford. 

EDITED   BY 

ROBERT    ETHERIDGE,  F.R.S., 

Palaeontologist  to  the  Geological  Survey  of  Great  Britain,  President 

of  the  Geological  Society ;  and 

HARRY   GOVIER    SEELEY,   F.R.S., 

Professor  of  Geography   in    King's  College,  London. 

With  Numerous  Tables,  Sections ,  and  Figures  of  CItaracteristic  Fossils. 


The  Publishers  have  much  pleasure  in  announcing  that  the  above  important 
work  is  now  at  Press,  and  will  shortly  be  issued.  The  names  of  the  feditors 
are  suf!icient  guarantee  for  the  thoroughness  and  high  scientific  accuracy 
with  which  the  revision  has  been  conducted.  While  brought  fully  abreast  of 
the  most  recent  developments  in  Geological  Science,  the  Manual  retains 
those  features  which  rendered  the  former  Editions  exceptionally  efficient  both 
for  teaching  purposes  and  as  a  philosophical  work  of  reference,  and  in  no 
case  has  the  method  of  treatment  adopted  by  the  author  been  needlessly 
departed  from.  The  New  Edition  will  thus  be  found  to  maintain  in  every 
point  the  prestige  of  the  original  work,  and  to  offer  distinctive  features  in 
the  several  departments  of  Geology  and  Palaoontolog}%  which  are  calculated 
to  make  the  present  issue  an  important  event  in  the  History  of  Geological 
Progress. 


PHILLIPS  (J.  Arthur,  M.  Inst.  C.E.,  F.C.S.,F.C 

Ancien  Elti-e  dc  rEcole  dei  Mines.  Paris) : 

ELEMENTS  OF  METALLURGY  :  i  Practical  Treatise  or 
An  of  Exiraciing  Metals  from  their  Ore*.  With  oier  Two  H«i 
llluslinlions,  man;  of  which  have  been  reduced  from  Woihin^  Dn« 
Roy»i  8vu.,  764  [HRes,  cloth,  34/-. 

GENERAL    CONTENTS ; 
L— A  Treatise  on  Ki;els  and  Refkactory  MATfSiALS, 
II,— A  Descriplion  of  the  printipal  Metalufekous  Minekals, 
their  DiBTRiHirrlON. 
III. — Statistics  of  the  amouni  of  each  SlETAI-  annually  jinx 
throughout  the  World,  ohtained  from  official  tources,  ur,  1 
this  has  not  beeo  praclicable,  from  authentic  private  infer^: 
IV.— The  Methdhs  of  ASSAVING  the  differenl  OllEf^  tt^elher 

ihe  PBOCESSES  of  METALLtlRGICAL  TREATMENT,  compnii 

Refractory  Maierialt.        Antimony.  tron. 

Firc-Clayi.  Arsenic.  Coball 

Fuels,  &c.  Zinc.  Nickel 

Aluminium.  Mercniy.  Silver. 

Copper.  Bbmuth.  Gold. 

Tin.  Lead.  Plalim 

'- '  EIcfncTiti  or  MfULIurgy '  pUKUet  intrinuc  nioiu  of  the  Ughut  degm.  : 
vrtirk  is  precisely  wAfilpl  by  ihc  Fn^ai  tmioricy  gf  *tiidenia  and  pncikaL  worUcn, , 

very compactrwH  ii»jn  iivlf  aAm-rau  rtcammcndHIioq .Id  ourapini 

bcM  worii evrr  wiittcn  on  die  nib)<ct  with  a  view  to  h>  pnciical  [itausenL'^ 


menu  iccuiildy  dtU^ri." --CMirrji  Gumntim. 


-MiMlnt  7"« 


¥  or  »w:h  general  m 
iTknowiedge  nt  \v 


PORTER  :  (Surgeon-Major  J.  H.,    Late  Assist 

Professor  of  Military  Surgery  in   the  Array   Medical   School,  and 
Assoc,  of  tiie  order  of  Si.  John  of  Jerusalem) ; 

THE  SURGEON'S  POCKET-BOOK  :  an  Essay  on  ihe  Ben  1 
meni  of  the  Wounded  in  War  ;  for  nhich  a  Prize  was  awarded  ly 
Majesty  ihc  Empress  of  Germany.  Specially  adapted  to  the  Pt 
Medical  Services.  With  152  Iliutlrationi,  i6mo,.  roan,  7/6.  S 
Eiitim,  Jiniiid  tad  Sniargtd. 

"  Every  Medtcnl  Oflic«r  u  recommendtd  to  Hjivc  the  '  Surge^iR'i  Poclcel  BooJ 
Sarnon-Kiijor  Poriv,  jkcccMihk  10  refresh  hi*  tfemury  uid  rDriiry  hb  judnac 
I'riiii  ^  FitU  Srrrkr  MtJicid  ArrvrngrmrHU /or  A/du"'  War. 
"*  complele  vndt  mrcuati  10  guide  tlie  miUury  Burfteon  la  Ihe  5eld."— 5 
1/  rnnT  -' 

..  apital  1 .    .    . 

with  Ihii  Mannal  in  hii  packet  b 


MiMadi^ 

"A  opital  link  book    ...    of  Ibe  |Kitesl  pmclioU  nluc. 
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SOIENTIPIO    MANUALS. 

BY 

W.  J.  MACQUORN  RANKINE,  C.E.,  LLD.,  F.R.S., 

Late  Regius  Professor  of  Civil  Engineering  in  the  University  of  Glasgow. 

I.  RANKINE  (Prof.):  APPLIED    MECHANICS 

(A  Manual  of)  ;  comprising  the  Principles  of  Statics  and  Cinematics, 
and  Theory  of  Structures,  Mechanism  and  Machines.  With  numerous 
Diagrams.     Crown  8vo.     Cloth,  12/6.     Ten/A  Edition. 

"Carinot  fail  to  be  adopted  as  a  text-book 'I*he  whole  of  the  information  is 

so  admirably  arranged  that  there  is  every  facility  for  reference." — Mining  Journal. 

IL   RANKINE  (Prof.) :   CIVIL  ENGINEERING 

(A  Manual  of)  ;  comprising  Engineering  Surveys,  Earthwork, 
Foundations,  Masonry,  Carpentry,  Mutal-work,  Roads,  Railways. 
Canals,  Rivers,  Water-works,  Harbours,  &c.  With  numerous  Tables  and 
Illustrations.     Crown  8vo.     Cloth,  16/-.     Thirteenth  Edition. 

*'  Far  surpa.<%ses  in  merit  every  existing  work  of  the  kind.  As  a  Manual  for  the 
hands  of  the  profes-sional  Civil  Eni^neer  it  is  sufficient  and  unrivalled,  and  even  when 
we  say  this,  we  fall  short  of  that  high  appreciation  of  Dr.  Rankine's  labours  which  we 
should  like  to  express." — The  Engineer. 

III.  RANKINE  (Prof.)  :     MACHINERY  AND 

MILL  WORK  (A  Manual  of)  ;  comprising  the  Geometry,  Motions, 
Work,  Strength,  Construction,  and  Objects  of  Machines,  &c.  Illustrated 
with  nearly  300  Woodcuts.     Crown  8vo.     Cloth,  12/6.    Fourth  Editiom. 

"  Professor  Rankine's  '  Manual  .of  Machinery  and  Mill  work '  fuUy^  nuuntains  the 
high  reputation  which  he  enjoys  as  a  .scientific  author ;  higher  praise  it  is  diflicttit  to 
award  to  any  book.  It  cannot  fail  to  be  a  lantern  to  the  feet  of  every  engineer." — 
TJte  Engineer. 

IV.  RANKINE    (ProK):     THE    STEAM    EN- 

GINEand  OTHER  PRIME  MOVERS  (A  Manual  oQ.  With  Diagram  of 
the  Mechanical  Properties  of  Steam,  numerous  Tables  and  Illustrations. 
Crown  8yo.     Cloth,  12/6.    Ninth  Edition. 

V.  RANKINE  (Prof.) :     USEFUL   RULES   and 

TABLES  for  Architects,  Builders,  Carpenters,  Coachbuilders, 
Engineers,  Engravers,  Founders,  Mechanics,  Shipbuilders,  Sur\'eyors, 
W^heelwrights,  &c.    Crown  8vo.     Cloth,  9/-.    Fifth  Edition. 

**  Undoubtedly  the  most  useful  collection  of  engineering  data  hitherto  produced."-— 
Mining  Jourttal. 

VL    RANKINE     (Prof.):     A     MECHANICAL 

TEXT-BOOK.  By  Prof.  MAcguoRN  Rankine  and  E.  F.  Bambkr,  C.E. 
With  numerous  Illustrations.    Crown  8vo.     Cloth,  9/-    Stcond  Edition. 

*''l*he  work,  as  a  whole,  is  very  complete*  and  likely  to  prove  invaluable  for  fur- 
nishing a  useful  and  reliable  outline  of  the  subjects  treated  oC" — Mining  Joumml. 

'  ^*  The  Mechanical  Tkxt-Book  forms  a  simple  Introduction  to  Professor  Rankine's 
Series  of  Manuai^  on  Engineering  and  Mechanics. 
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CHARLBS  QBIFVIN  S  COMPAirrS 


Prof.  Rankine*s 

VIL     RANKINE     (Prof.) :     MISCELLANEO 

SCIENTIFIC  PAPERS,  horn  the  Tnmactiont  and  ProccediDn  o 
Royal  and  other  Scientific  and  Philosophical  Sodeties,  and  the  Soei 
Joumalt.    Royal  8vo.    Cloth,  price  Zljt, 

Part  I. — Papers  relating  to  Temperature,  Elasticity,  and  EzpansM 
Vapours,  Liquias,  and  Solids. 

Part  II. — Papers  on  Energy  and  its  Transformations. 

Part  III. — Papers  on  Wave-Forms,  Propulsion  of  Vessels,  &c. 

With  Memoir  by  P.  G.  Tait,  M.A.,  Prof,  of  Natural  Philosophy  ii 
University  of  Edinburgh.  Edited  by  W.  J.  MiLLAR,  CE.,  Seen 
to  the  Institute  of  Engineers  and  Shipbuilders  in  Scodand.  With 
Portnut  on  Steel,  Plates,  and  Diagrams. 


"No  more  enduring  Mgnwrialof  I^rofciaur  Rankinc  could  be  dwised  than  the  pii 
tionof  thetepttpeninannooeMiblefonn.  .  .  The  CoUcction  i>  moit  valmfale  on  ac 
of  the  nature  or  his  ditooveries,  and  the  beauty  nod  ooMpleteDeM  of  his  analjrift.  . 
The  Volume  eaneeds  in  importance  any  won  in  the 


dcpaitment  paMidied 


SEATON  (A.  E.,  Lecturer  on  Marine  Engineei 

to  the  Ro3ral  Naval  College,  Greenwich,  and  Member  of  the  Insi 
of  Naval  Architects)  : 

A   MANUAL  OF   MARINE    ENGINEERING:    Comprising 
Desii^ing,  Construction,  and  Working^  of  Marine   Machinery, 
numerous  Illustrations.      {^In  preparation). 


SHELTON  (W.  Vincent,   Foreman  to  the  Impe 

Ottoman  Gun-Factories,  Constantinople). 

THE  MECHANIC'S  GUIDE:  A  Hand-Book  for  Engineers 
Artizans.  With  Copious  Tables  and  Valuable  Receipts  for  Prai 
Use.     Illustrated.     Crown  8vo.     Cloth,  7/6. 

GExXERAL  CONTENTS. 


Part      I.— Arithmetic. 
Part    II. — Geometry. 
Part  III. — Mensuration. 
Part   IV. — Velocities  in  Boring  and 
Wheel-Gearing. 


Part       V. — Wheel-  and  Screw- 
ting. 
Part     VI. — Miscellaneous  Sub 
Part   V 11.— The  Steam  Engine 
Part  VIII. — The  Locomotive. 


"The  Mechanic's  Guide  will  answer  its  purpose  as  ccmpletely  as  a  whole  «e 
elaborate  text  books.— Af/Wii/'  Journal. 

'*  Oufht  to  have  a  place  on  the  bookshelf  of  every  Mechanic." — Iran. 

*'  Much  instruction  is  here  given  without  pedantry  or  pretension." — Builder. 

"  A  sine  qnA  Mcn  to  every  practical  Mechanic."— J?tf//tt«v  Service  Gazette. 

*,*  This  Work  is  specially  intended  for  Self-Teachers,  and  places  before  the  Re 
concise  and  simple  explanation  of  General  Principles,  together  u-ith  Illustration^  o 
adaptation  to  Practical  Purposes. 
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THOMSON  (Spencer,  M.D., L.R.C.S.,  Edinburgh): 

A  DICTIONARY  of  DOMESTIC  MEDICINE  and  HOUSE- 
HOLD SURGERY.  Thoroughly  revised  and  brought  down  to  the 
S resent  state  of  Medical  Science.  With  an  additional  chapter  on  the 
lanagement  of  the  Sick  Room  ;  and  Hints  for  the  Diet  ana  Comfort  of 
Invalids.  Many  illustrations.  Demy  8vo.,  750  pages.  Cloth,  8/6, 
Fifteenth  Edition, 

"The  best  and  safest  book  on  Domestic  Medicine  and  Household  Surgery  which  has 
yet  appeared." — London  Jourtial  of  Medicine. 

'*  Dr.  Thomson  has  fully  succeeded  in  conveying  to  the  public  a  vast  amount  of  useful 
professional  knowledge." — Dublin  youmal  0/ Afedicai Science.. 

"  Worth  its  weight  in  gold  to  families  and  the  clergy." — Oxford  Herald. 


WYX»DE    (James,   formerly    Lecturer   on    Natural 

Philosophy  at  the  Polytecnic) : 

THE  MAGIC  OF  SCIENCE  :  A  Manual  of  Easy  and  Amusing 
Scientific  Experiments.  With  Steel  Portrait  of  Faraday  and  many  hun- 
dred Engravmgs,  Crown  8vo.  Cloth  gilt  and  gilt  edges,  5/-.  Third 
Edition. 

"  Of  priceless  value  to  furnish  work  for  idle  hands  during  the  holidays.  A  thousand 
mysteries  of  Modem  Science  are  here  unfolded.  ^  We  leam  how  to  make  Oxygen  Gas, 
how  to  construct  a  Galvanic  Battery,  how  to  eild  a  Medal  by  £lectro>platmg,  or  to 
reproduce  one  by  Electrotyping,  how  to  make  a  Microscope  or  take  a  Photograph ;  while 
the  elements  of  Mechanics  are  explained  so  simply  and  clearly  that  the  most  unmechanical 
of  minds  must  understand  them.  Such  a  work  is  deserving  of  the  highest  praise." — The 
Graphic. 

"  To  those  who  need  to  be  allured  into  the  paths  of  natural  science  by  witnessing  the 
wonderful  results  that  can  be  pioduced  by  well-contrived  experimenUs,  we  do  not  know 
that  we  could  recommend  a  more  useful  volume." — Athenecum. 


CHARLES    GSIFPiy   rf-    fOMPAyrS 

Educational    Works. 


BRYCE     (Archibald    HamUton,    D.C.L.,    LL.I1 

Senior  Classical  Moderator  in  the  Univerak)'  of  Dublin)  : 

\'1RGILI1    OPERA.     Text   from    Hfvne  and   Wagner.      Engli 
Noles,  orjeinal,  and  selected  from  ihe   leadine;  Gennaa,  American  a 
English   C^mnientBtors.      Illustrations  from  the  antique.     Compktc 
One  Volume,  fcap.  8vo,  clotb,  6/~,     finirltniA  Edilim. 
Or,  in  Three  Parts  : 

Pan  I.     BucoMCS  and  Georgics       1/6 

Tan  II.    The  i^NEiii,  Books  l.-Vl 3/6  ^H 

Pan  III,  The  Mszm,  Books  VIl.-XII.         ...     j/6  ^B 

"  Contiiiu  Ihc  jHIh  of  what  hu  been  Hriilcn  by  Ituc  bta  Bchalan  «  ihe  ml4 

TtuMwus  cmprUe  tvorytluDg  that  Ihc sudent  can  ■mi\,"—Alimmm. 

"'nwnml complete. uodlai  ekcsal  im]  comet  edilioD  of  Virgil  erer  publlsl 

Thi  bcii  cpmoitnlary  on  Virgil  which  a  siiideni  on  obuin."— .r.-tf/iiwii. 

COBBETT  (WilUam);   ENGLISH  GRAMMAI 

in  a  Series  of  Letter*,  intended  for  the  u=e  of  Scbooh  nnd  Young  P 
soni  in  Kenetal.  With  an  additiiinal  chapter  on  Pronunciation,  by  l 
Author's  Son,  James  PAfL  CoiiUETT.  t.-aii.  8vo.  Cloth,  i/6,  I'l 
only  cerrtcl  and  aKiicriini  Edimni. 

"  A  new  and  cheapened  edition  of  ihal  mosl  mhIIcdi  ef  all  En^iih  Gmnini 
WiUiom  Cohbctt'^    It  contaiiu  ocw  copyrii^t  caatter^  a«  veU  aa  iAdud»  thv  equ 


COBBETT  (William:)  A  FRENCH  GRAMMAI 

Fcjp,  Si'o.      Cloth,  3/6.     Fifttmlh  Eiliivin. 

COBBETT  (James  P-al) :  A  LATIN  GRAMMA 

Ftaj..  Svo.      Ck,ih,  I;-. 

COBBIN'S     MANGNALL:      MANGNALL 

HISTORICAL  AND  MISCELLANEOUS  QUESTIONS,  (or  the  i 
ot  Voun?  People.  By  RiCHMAL  Hangsall.  Greatly  enlarged  s 
corrected,  nnd  continued  to  the  pre«nt  time,  by  Inokam  Coubin,  M. 
1  imu.     Cloth,  4/..     Fifly-lhird  ThaHsanii.     Xn^  IlluslivlrJ  EJUkh. 

COLERIDGE  (Samuel  Taylor):  A  DISSERT. 
TION  O^  TWt  ?,C.VfSeE  OF  METHOD.  fEHwi^>rd»i  Mrt 
polilnna.)    \\\\.\i a %^OQv;«.   C,TOiiT.'fc\&.   tSW-Vtl--    h'mti  EJitan. 
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CRAIK'S  ENGLISH  LITERATURE. 

A  COMPENDIOUS  HISTORY  OK  ENGLISH  LITERATURE  AND 
OF  THE  English  Language  from  the  Norman  Conquest.  With 
numerous  Specimens.  By  GEORGE  LiLLiE  Craik,  LL.D.,  late  Professor 
of  History  and  EnjB^Hsh  Literature,  Queen's  CoUeg^e,  Belfast. '  In  two 
vols.     Royal  8vo.     Handsomely  bouna  in  cloth,  25/-,     A^ew  Edition. 

GENERAL    CONTENTS. 

Introductory. 

I. — The  Norman  Period— The  Conquest. 

11. — Second  English— commonly  called  Semi-Saxon. 

III. — Third  English — Mixed,  or  Compound  English. 

IV.— Middle  and  Latter  Part  of  the  Seventeenth  Century. 

V. — The  Century  between  the  English    Revolution   and 
THE  French  Revolution. 

VI.— The  latter  part  of  the  Eighteenth  Century. 

VII.— The    Nineteenth    Century   {a)  The    Last  Age  of  the 

Georges.: 
{I/)  The  Victorian  Age. 

With  numerotis  Excerpts  and  Specimens  of  Style. 

"Anyone  who  will  take  the  trouble  to  ascertain  the  fact,  will  find  how  completely 
even  our  great  poets  and  other  writers  of  the  last  generation  have  already  faded  from 
the  view  of  the  present,  with  the  most  numerous  class  of  the  educated  and  reading 
public.     Scarcely  anything  is  generally  read  except  the  publications  of  the  day.    Ykt 

NOTHING   IS   MOKE  CKKTAIN  THAN   THAT  NO  TRUE  CULTIVATION   CAN    BE  SO  AC<^i;iKED. 

This  is  the  extreme  case  of  chat  entire  ignorance  of  history  which  has  been  aflflrmed, 

not  with  more  point  than  truth,   to  leave  a  person  alwrays  a  child 

n»e  present  work  combines  the  History  of  the  Litkratlke  with  the  History  op 
THE  Language.  The  scheme  of  the  course  and  revolutioas  of  the  language  which  is 
followed  here  is  extremely  simple,  and  restine  not  upon  arbitrary,  but  upon  natural 
or  real  distinctions,  gives  us  the  only  view  of  the  subject  that  can  claim  to  be  regarded 
as  of  a  scientific  ctvax^jcxxx."— Extract  from  the  Autkot's  Preface. 

"  Profe**sor  Craik's  book  going,  as  it  does,  through  the  whole  history  of  the  language, 
probably  takes  a  place  (juite  by  itself.  I'he  great  value  of  the  book  is  its  thorough 
comprehensiveness.  It  is  always  clear  and  straightforward,  and  deals  not  in  theories 
but  m  facts." — Saturday  Review. 

"  Professor  Craik  has  succeeded  in  making  a  book  more  than  usually  agreeable.'  — 
The  Times. 

CRAIK  (Prof.):     A   MANUAL  OF  ENGLISH 

LITERATURE,  for  the  use  of  Colleges,  Schools,  and  Civil  Service 
Examinations.  Selected  from  the  larger  work,  by  Dr.  Craik.  Crown  8vo. 
Cloth,  7/6.     Eighth  EdUion. 

"A  Manual  of  English  Literature  from  so  experienced  and  well-read  a  scholar  as 
Professor  Craik  needs  no  other  recommendation  than  the  mention  of  its  existence." — 
S^ctator. 

"This  augmented  effort  will,  we  doubt  not,  be  received  with  decided  approbation 
by  those  who  are  entitled  to  judge,  and  studied  with  much  profit  by  those  who  want 
to  leam......If  our  young  readers  will  give  healthy  perusal  to  Dr.  Craik's  work^  tKe^ 

will  greatly  benefit  by  the  wide  and   sound  views  he  Vwaa  v^a£»\  '\jfcVw*.  xhsasu"  — 
Athetueum. 


WORKS  by  CHARLES  T.  CRUTTWELL.  M.A., 

Felloo  of  Merton  College,  Chirord.  jind  Hstd  Ma»cr  ofM^lrsni  CoUcse. 
I.— A    HISTORV    OF     ROMAN     LITERATURE;    from   the  Earlirat 
Period  to  (he  Times  of  ihe  Aniotiinei.     Crown  8™,  clath  bevelUd,  8/6. 
Third  Edition. 

"Mr.  Ckhttwell  hai  done  a.  ml  xrvke  to  all  SindenU  oT  the  Luin  Lancoiti 
uid  Lllcntutt.    .    .    .    Full  of  jgood  tcholanhip  ind  good  critkum."— ^limfnc 

"A  mo!Her*ice«He— indted,  indiipentablr— goidi  for  ihe  Sludail.  .  .  .  Thr 
'scncraL  mder'  will  b«  lulh  dunned  and  ia-BiiaBi'—Salnniaj  Krfieiv. 

"The  Author  andtrUdtB  to  milit  Lalin  Litemim  inltnaiing.  and  be  hu  nc 
cndfd.    There  ii.  DO!  I  dull  paee  in  Ihe  vo\aax."--Actiii€mf. 

"The  giEU  meril  of  Iht  work  it  iu  fulnesii  and  tamtc^.^Cnirimi. 

"ITstl  clAbon^e  and  very  ruvful  wort  ...  in  cvwy  nupeci  of  lljffh  nehl- 
KoihinA  kt  all  eqiuJ  loilluij  hilhcno  been  published  in  E/ag\an^^  "-^SriiuAQiHp^fi'f 

Camfiaticn  Volitmt. 
n.-SPECIMENS  OF   ROMAN    LITERATURE  r  from   the    Earlieii 
Period  to  the  Titnei  of  the  Antonine^     Passages   from  the   Works  oJ 
Latin  Authors,  Prose  Writers  »nd  Poets  : 

Part  L— Ro»AN  THOUGHT  :  Religion,   Philosophy  anJ    Scieoce. 

Art  and  Letters  ; 
Pirt  1L~R0J1AS  Stvie  :  Descriptive.  Rhetorical,  and  Humorous 
Passiees. 

Witli  Synopsii  and  Indices  complete. 
RdiieJ   by   C.   T.  Cbuttwei.i.,   M.A.,   Mm.-.n   College,   Oxford;  anJ 
Peake  Banton,  M,A.,  sometime?  Sth.^iar  uf  Jc^n,  Ciiiiege,  Larabridge. 
Cron-n  8vo.     Cloth  bevelled,  I0j6. 
"  A  TOlume.  wWch,  for  the  »ound  iud^em  eieidied  in  plan  and  teleciim,  calb  b 
hearty  cammendaLiOD."— >5a/Hrti^f  ntvtru/. 

'*  It  u  hard  to  conceive  b  coinplctcr  or  handier  repertory  of  ^xcimens  of  Latin 
Thoi«hl  or  Style.  ■—CoHiln^OfniT'  Rairtv, 

"llKre  i>  no  other  book  of  the  iiind  in  this  country  which  can  be  more  ufelyiecsoi 
mended,  either  for  iti  iireadth,  cheapness,  or  interest  to  the  most  varied  cu£9k  oI 
TKiders-'-Prof.  Elus  In  the  AcoA-n.,. 

CURRIE  (Joseph,  formerly  Head  Classical  Master 

of  Glasgow  Academy]  : 

HORATII  OPERA;  Text  from  Orcllius.     Englbh  notes,  original, 
and  selected  from  the  best  Commentators.     Illustrations  from  the  an- 
tique.    Complete  in  One  Volume,  fcap.  8ro,  cloth,  5/-. 
Or  in  Two  Parts  : 

Part  L    Carmina  3  • 

Part  11.  Satires  and  Epistles  ...    3/- 

"The  notes  are  ercellent  and  exbaiutive." — Qi/arirrfy  Jnnuil  cf  B^actitijm. 

CURRIE      (Joseph) :         EXTRACTS       FROM 

C/tSAR'S  COMMENTARIES;  containing  hit  description  of  Gaul. 
Britain  and  Germany.  With  Notes,  Vocabulary,  &c.  Adapted  for 
Young  Scholars.  l8mo.  Cloth,  l/6.    FmrtA  EdiSitm. 

D'ORSEY  (Rev.  Alex.  J.  D,,  B.D.,  Corpus  Christi 

Coll.,  Cambridge,  Lecturer  at  King's  CoUwe,  London) : 

SPELLING  BY  DICTATION  :  Progressive  EKerd*«  in  English 
Orthography,  for  Schools  and  Civil  Sen-ice  E]Uiiiiiiations.  lima. 
CWth,  \{:     Siiltinlh  Thousand. 
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FLEMING    (William,    D.D.,    late    Professor    of 

Moral  Philosophy  in  the  University  of  Glasp^ow)  : 

THE  VOCABULARY  OF  PHILOSOPHY :  Mental,  Moral, 
AND  Metaphysical.  With  Quotations  and  References  for  the  Use  of 
Students.  Revised  and  Edited  by  Henry  Calderwood,  LL.D.,  Pro- 
fessor of  Moral  Philosophy  in  the  University  of  Edinburgh.  Crown 
8vo.     Cloth  bevelled,  10/6.     Third  Edition ^  tiilarged. 

"  An  admirabl  i  bo<)k.  ...  In  its  present  shape  will  he  welcome,  not  only  to 
Students,  but  to  many  who  have  long  since  passed  out  of  the  class  of  Students, 
popularly  so  caX\tA."  —Scotsman. 

McBURNEY     (Isaiah,     LL.D.,) :       EXTRACTS 

FROM  OVID'S  METAMORPHOSES.  With  Notes,  Vocabulary,  &c. 
Adapted  for  Youngs  Scholars.     i8mo.     Cloth,  i/6.     Third  Edition. 

MENTAL     SCIENCE:      SAMUEL    TAYLOR 

COLERIDGE'S      Celebrated      Essay     on      METHOD  ;     Archbishop 
Whately's  Treatises  on  Logic  and  Rhetoric.    Crown  8vo.   Cloth 
5/-.     Tenth  Edition. 

WORKS     BY    WILLIAM     RAMSAY,     M.A„ 

Trinity  College,  Caniorldge,  late  Professor  of  Humanity  in  the  University  of  Glasgow. 

A    MANUAL    OF    ROMAN    ANTIQUITIES. 

For  the  use  of  Advanced  Students.  With  Map,  130  Engravings,  and 
very  copious  Index.  Revised  and  enlarged,  with  an  additional  Chapter 
on  Roman  Agriculture.     Crown  8vo.     Cloth,  8/6.     Twelfth  Edition, 

GENERAL  CONTENTS. 
I. — The  TopoCTaphy  of  Rome, 
II. — The    Origin    of    the    Roman    People ;    their    Political    and    Social 
Organization  ;  Religion  ;  Kalendar  ;  and  Private  Life. 
III. — General     Principles     of   the    Roman    Constitution  ;  the    Rights    of 
Different    Classes ;     the     Roman     Law    and    Administration    of 
Justice. 
IV. — The  Comitia  ;  Magistrates  ;  the  Senate. 

V. — Military  and   Naval   Affairs  ;    Revenues  ;  Weights   and   Measures ; 
Coins,  &c. 
VI. — Public  Lands  ;  Agrarian  Laws  ;  Agriculture,  &c. 

"  Comprises  all  the  results  of  modem  improved  scholarship  within  a  moderate  com- 
pass."— A  tkenanim. 

RAMSAY       (Prof.) :         AN       ELEMENTARY 

MANUAL  OF  ROMAN  ANTIQUITIES.  Adapted  for  Junior  Classes. 
With  numerous  Illustrations.     Crown  Svo.     Cloth  4/-.      Seventh  Edition, 

RAMSAY  (Prof.):     A    MANUAL    OF    LATIN 

PROSODY.     Illustrated  by  Copious  Examples  and  Critical  Remarks. 
For  the  use  of  Advanced  Students.       Revised  and   greatly  enlarged. 
Crown  8vo.     Cloth,  5/-.     Sixth  Edition, 
"There  is  ho  other  work  on  the  subject  worthy  to  compete  with  it. ' — Athetueum. 

RAMSAY       (Prof.) :         AN      ELEMENTARY 

MANUAL  OF  LATIN  PROSODY.  Adapted  for  Junior  Classes 
Crown  Svo.    Cloth,  2/-. 


34  CHARLES  ORIFFIN  .£   COMPANTB 

THE   SCHOOL   BOARD   READERS: 

A  New  Series  of  Standard  Rbaoing-Books. 

EDITED  BT  A  PORKER  H.M.  INSPECTOR  OF  SCHOOU 

Recommended  by  the  London  School  Board, 

And  adafttd  by  tnawt  Sctoal  Boards  tironikmt  lit  Cntntty. 


Elementary  Reading-Book,  Fart  1. — CoDUining  Lnsons    i. 
in  all  the  Short  Vowel  Sounds.     Demjr,  iSmo.,  i6  pages. 
In  it]ff  wrapper o 

Elementary  Reading-Book,  Part  II. — Conuinine  the 
Long  Vowei  Sounds  and  other  MoBosyUables.  Demy 
iSmo.,  48  pages.     1  n  itiS  UTapper o 

Standard  I. — Coatnining  Reading,  DicUtion,  vsA  Ariib- 
metic.     Demy  iSmo.,  96  pigci.    Neat  cloth     .  ■    o 

StaNJ>aB1>  II. — Conlaining  Reading,  Dictalion,  and  Arilh- 
melic.      Demy  iBrao.,  i!8  pages.     Neat  cloth  .  .         .     o 

STANliAHti  III. — Containing  Reading,  Diclal ion,  and  Arilh- 
metir.     Fcap.  810.,  160  pages.    Neat  cloth  ,    c 

Standakd  IV. — Coniaining  Reading,  Dictation,  and  Arith- 
metic.    Fcap.  Svo.,  191  page;.     Neat  cloth       .  .1 

STANDARll  v.— Coniaining  Reading,  Dictation,  and  Arith- 
metic, with  an  Kiplanation  of  the  Metric  System  and 
numerous  Examples.  Crown  8vo.,  ajfi  pages.  Neat 
cluth 1 

StaMiaRD  VI.— Conwining  Selections  from  the  best  English 
Authors,  chronologically  arranged  (Chaucer  to  Tennyson), 
Hinl5  an  Composition,  and  Lessens  on  Scientific  Subjects. 
Crown  8vo,,  jao  pages.     Neal  cloth  .         .         ,         .     : 

Key  to  the  Questions  in  Arithmetic,  in  two  parts,  each    o 

*,*  Each  Book  of  this  Series  contains  within  itself  all  that  is  necessary 
fulfil  the  requirements  of  the  Revised  Code,  viz.,  Reading,  Spelling,  a' 
Dictation  Lesions,  together  with  Exercises  in  Arithmetic  for  the  whole  yea 
The  ]>aper,  type,  and  oinding  are  all  that  can  be  desired. 


method    and   stylc"- 


nlu  me  t/eaa-'—EJatalianml  ftiterltr. 
"  Rcmurluhly  ricnh  ;  nciai  cf  ih^  old  nmaii-peil   itxm  hi 
he  Fiflli  and  Siiih  BodIu  aie  capiul  prDiIucIiunt,  ud  lonn  a 
n(Juh  LiioaluR."— /.nuV  Mtnriy. 
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1.--ALGEBRA. 
Il.-ENGLISH  HISTORY. 
1 1 1. -GEOGRAPHY 
IV.  -PHYSICAL  GEOGRAPHY. 


THE  SCHOOL   BOARD   MANUALS 

On  the  Specific  Subjects  of  the  Revised  Code, 
BY   A   FORMER   H.M.    INSPECTOR   OF   SCHOOLS, 

Editor  of  the  "  School  Board  Readers:' 

64  pages,  stiff  wrapper,   6d.  ;   neat  cloth,   yd.  each. 

v.— ANIMAL    PHYSIOLOGY.       O^elf 

Illastrated  with  good  Engr&vingsX 
VI.-BIBLE    HISTORY.      (Entirely  free 
irom  any  Denominational  bias/. 

*^*  The  School  Board  Manuals  contain  all  that  is  necessary  for  passing 
in  Extra  Subjects  in  Standards  IV.,  V.,  and  VI. 

"These  simple  and  well  graduated  Manuals,  adapted  to  the  requirements  of  the 
New  Code,  are  the  most  elementary  of  elementary  works,  and  extremely  cheap. 
They  are  more  useful  as  practical  guide-books  than  most  of  the  more  expemdve 
works."— 5'/«/wferrf. 

SENIOR    (Nassau  William,    M.A.,   late  Professor 

of  Political  Economy  in  the  University  of  Oxford)  : 

A  TREATISE  ON  POLITICAL  ECONOMY  :  the  Science  which 
treats  of  the  Nature,  the  Production,  and  the  Distribution  of  Wealth* 
Crown  8vo.     Cloth,  4/-.     Sixth  Edition,    ( Encydoptedia  MetropoUtana), 


THOMSON  (James)  :    THE   SEASONS.       With 

an  Introduction  and  Notes  by  Robert  Bell,  Editor  of  the  "  Annotated 
Series  of  British  Poets."     Foolscap  8vo.     Cloth  1/6.     Third  Edition, 


(i 


An  admirable  introduction  to  the  study  of  our  English  classics.' 


WHATELY  (Archbishop):     A   TREATISE  ON 

LOGIC.    With  Synopsis  and   Index.    Crown  8vo.    Cloth,    3/-.     Tht 
Original  Edition.     ( Encyclop{tdia  MetropoUtana  J, 

WHATELY  (Archbishop):     A  TREATISE   ON 

RHETORIC.    With  Synopsis  and  Index.    Crown  8vo.   Cloth  3/6.    The 
Original  Edition  ( Encychpctdia  MetropoUtana). 


*  « 


^     Specimen    Copies  of  all  the  Educational   Works  pmhHshed  by   Messrs, 
Charles  Griffin  ana  Con^t^  may  be  seen  at  thf  Libraries  ^  the   College  of 
Preceptors^  South  Kensit^ton  Museum^  -and  Crystal  Palace  \  also  at  the  dep6t» 
of  the  chief  Educational  Societies. 


CHARLES    GRJPPiy   i    COUPAiWYS 

Works  in  General  Literature. 


\ 


BELL  (Robert,  Editor  of  the  "  Annotated  Scries  ot' 

Brilish  Poets."): 

GOLDEN  LEAVES  FROM  THE  WORKS  OF  THE   POETS 
AND   PAINTERS.      lllusUated  by   Sixty-iour   supeib    Engravings    on 


,   LiGHTFOOT,  Sic.     410.    Cloih  t 
binding,  30/- ;  moiofco  antique,  35/-.    Sicend  Ediiant. 

"■GoldraLeiiTOi'  ii  bj- fw  Ihe  nuMI  impoiuni  booV  oT tbi  iriimn.    Tht  Illuslralioni 
■•<•:  iniJIy  works  at  an,  unci  tbe  valumc  do«  credil  la  ihc  UU  of  Enfkud."— .S'otiirlfa^ 

"The  Poemi  an  elected  with  laite  unci  judgment.  '—Timrt. 

"The   oiUFavingK   arc    ftom   dnwirigi   by   Slothard,  NtwtflD.    Piinbyj    Leslie,   and 

CHRISTISON  (John)  :  A  COMPLETE  SYS- 
TEM OF  INTEREST  TABLES  at  3.  4,  -ih  i^"d  5  P"  Cent. ;  Tables 
ol  Exchange  or  Commission,  Prolil  atid  Loss,  DiscouDl,  Clothiers',  Malt, 
Spirit,  and  various  other  useful  Tables.  To  which  is  piclixed  (be  Mercsn- 
lile  Ready  Reckoner,  cuntaioing  Reckoning  Tables  from  one  thirty- 
second  part  of  a  penny  la  one  pound.  Greatly  enlarged,  izmo.  Bound 
in  leather,  4/6.    A'no  Editum. 


THE  WORKS   OF  WILLIAM  COBBETT. 
THE  ONLY  AUTHORIZED  EDITIONS. 

COBBETT    (William):     ADVICE    TO   YOUNG 

,.„..    ._j   ,-_..j__._,...,  ..    .- ,.,._  _       ■     ..  .   Middle  and  Higher 

H  Youth,  a  Bachelor, 
L    F&tfaer,  a  Cititen,  and  a  Subject,     Fcap.  Bvu. 
Whk  adaarabU  Porttml  on  Sutl. 

jo'uied  la  a  Idrce  of  nndentvidinEi  a  degree  of  logical  power,  jvid  above  ail  a  force  di 

exprcMioD,  which  have  Aiely  been  equalled. He   was  the  most   Eogliih  of 

EnglishmQi."^Sa/"n*i>  Rt^-im, 

"With  all  hii  raults,  Cobbell's  style  u  b  conliaual  refreshment  to  the  lovu  of 
■  Engiish  undefiled.  ■'—«!«  Mall  Gautlt. 

COBBETT  (William):  COTTAGE   ECONOMY: 

Containing  inlormation  relative  to  the  Brewing  of  Beer,  Making-  of 
Bread,  Keeping  of  Cows,  Piga,  Bees,  Poultry,  Stc.  ;  and  relative  10 
other  matters  deemed  useful  in  conducting  the  affairs  of  3  Poor  Man's 
Kamily.  New  Edition,  revised  by  the  Author's  Son.  Frap.  8vo, 
Cloth  216.    £i|hl((HlK  Edilum. 
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William  Cobbett's  VfoKms—fcontiniud.) 


COBBETT  (Wm.) :  EDUCATIONAL  WORKS. 

(See  page  20). 

COBBETT  (Wm.) :  A  LEGACY  to  LABOURERS : 

An  Argument  showing  the  Right  of  the  Poor  to  Relief  from  the  Land. 
With  a  Preface  by  the  Author's  Son,  John  M.  Cobbett,  late  M.P.  for 
Oldham.     Fcap.  8vo.     Cloth,  1/6.     New  Edition. 

"  The  book  cannot  be  too  much  studied  just  now." — Nonconformist. 

"  Cobbett  wasj  perhaps,  the  ablest  Political  writer  Ejiffland  ever  produced,  and  ht.<i 

influence  as  a  Liberal  tninker  is  felt  to  this  day .It  is  a  real  treat  to  read  hU 

strong  racy  language." — Public  Opinion. 

COBBETT  (Wm.) :  A  LEGACY  to  PARSONS  : 

Or,  have  the  Clergy  of  the  Established  Church  an  Equitable  Right  to 
Tithes  and  Church  Property  ?     Fcap.  8vo.     Cloth,  1/6.     New  Edition, 

"The  most  powerful  work  of  the  greatest  master  of  political  controversy  this  country' 
has  ever  produced."— /*«//  Mail  Cnsettc. 


COBBETT    (Miss   Anne):      THE       ENGLISH 

HOUSEKEEPER  ;  or,  Manual  of  Domestic  Management.  Containing 
Advice  on  the  conduct  of  Household  Affairs  and  Practical  Instructions, 
intended  for  the  Use  of  Young  Ladies  who  undertake  the  superintendence 
of  their  own  Housekeeping.     Fcap.  8vo.     Cloth,  3/6. 

COOK'S      VOYAGES.      VOYAGES      ROUND 

THE  WORLD,  by  Captain  Cook.  Illustrated  with  Maps  and  numerous 
Engravings.     Two  vols.     Super-Royal  8vo.    Cloth,  30/. 

DALGAIRNS  (Mrs.):     THE    PRACTICE      OF 

COOKERY,  adapted  to  the  business  of  Every-day  Life.  By  Mrs. 
Dalgairns.  Tne  best  book  for  Scotch  dishes.  About  Fifty  new  Recipes 
have  been  added  to  the  present  Edition,  but  only  such  as  the  Author 
has  had  adequate  means  of  ascertaining  to  be  valuable.  Fcap.  8vo. 
Cloth,  3/6.     Sixteenth  Edition. 

"  This  is  by  far  the  most  complete  and  truly  practical  work  which  has  yet  appeared 
on  the  subject.  It  will  be  found  an  infallible  *  Cook's  Companion,'  and  a  treasure  of 
great  price  to  the  mistress  of  a  family." — Edinburgh  Literary  youmal. 

"  We  consider  we  have  reason  strongly  to  recommend  Mrs.  Dalgairns'  as  an^  economi- 
cal, useful,  and  practical  system  of  cookery,  adapted  to  the  wants  of  all  families,  from 
the  tradesman's  to  the  country*  gentleman's." — Sfectator. 
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DAUBIGNE  (Dr.  Merle :    HISTORY   OF   THE 

REFORMATTON.  With  ihc  Author's  Uiesl  additions  and  a  net. 
I'reface.  M;iny  Wuodniu.  and  Twelve  Engravings  on  Steel,  illustrain-c 
of  the  life  of  Martin  Luther,  ader  Labouchese.  In  one  large 
volume,  dem;  41a.     Kle^nll;r  bound  in  cloth,  l'' 


'■  In  Ihl*  tdidon  Ihe  principal  aclon  and  trrnri  In  the  btbH  illni 
■     ""        '  "  "       sada,  fij  the  tki 


vughl  vividl)  bcron 


150NALDS0N  (Joseph,  Sergeant  in  the  94th   Scots 

Rcgimenll : 

RECOLLECTIONS  OF  THE  EVENTFUL  LIFE  OF  A 
SOLRIER  IN  THE  PENINSULA,  Fdp.Sco.  Cloth,  3:6 ;  gilt 
?'jes  and  edge;,  4.'*.    -Vrto  Edition. 

EARTH     DELINEATED    WITH     PEN    AND 

PENCIL  (The):  an  llluElrated  Retard  of  Voy^es,  Travels,  and  Ad- 
ventuies  all  round  the  World.  Illustrated  with  more  than  two  Hundred 
Engravings  in  the  first  style  of  Art,  by  the  most  emuiEDt  Artists,  including 
several  from  the  master.pincil  uf  GUSTAVE  D0R6  Demy  ^to,  750  pagSi. 
Very  handsomely  bound,  Jl,'-. 


MRS.  ELLIS'S   CELEBR.^TED   WORKS 

On  the  I.NFLUENCE  ind  ClJAR.^inFll   of  WOME.N. 

THE     ENGLISHWOMAN'S     LIBRARY : 

A  Series  of    Moral  and   Descriptive  Works.     ByMrs.  EtilS.      Small 
3vo,  cloth,  each  volume.  3;6. 

1.— THE   WOMEN   OF  ENGLAND:    Their  Social   Duties  an  J 

Domestic    Habit!.     Tkirly-Kinlh    TiausanJ, 
a— THE    DAUGHTERS    OF    ENGLAND:    Their   Poiiuon   ii. 


d  Social  Obligations.     EighlrcBl/i  T/wu- 

4.-Th'e"m0THERS  of  ENGLAND:    Their  Influence  and  Re- 
sponsibilities.      Taailiilk    Thousand. 

;,— FAMILY    SECRETS;    Or,  Hinu  to  mike   Home  Happy. 

Three  vols.      Tvmly-liird    Thiaamd. 
6.— SUMMER   AND   WINTER   IN   THE  PYRENEES.     TfHik 

Thousand. 
7.— TEMPER      AND      TEMPERAMENT  ;     Or,    Varieties     of 

Character.       Two  vols.       Tilth    Tbotisand. 
8.— PREVENTION   BETTER   THAN   CURE;  Or,  The   Moral 

Wanli  of  the  World  we  live  in.     TmlftA    TAoHtand. 
q.— HEARTS    AND    HOMES ;  Or,   Social    Distinctions.     Tluee 
\o\a.     Tmih   Thuusand. 
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THE   EMERALD   SERIES   OF 
STANDARD     AUTHORS. 

Illustrated  by  Engravings  on  Steel,  after  Stothard,  Leslie,  David 
Roberts,  Stanfield,  Sir  Thomas  Lawrence,  Cattermole,  &c. 
Fcap.  8vo.     Cloth  gilt. 

"Particular  attention  is  requested  to  this  very  beautiful  series.  The  delicacy  of 
the  engravings,  the  excellence  of  the  typography,  and  the  quaint  antique  head  and 
tail  pieces,  render  them  the  most  beautiful  volumes  ever  Issued  from  the  press  of  this 
country,  and  now,  unquestionably,  the  cheapest  of  their  class. 

BURNS'    (Robert)     SONGS    AND     BALLADS. 

With  an  Introduction  on  the  Character  and  Genius  of  Burns.  By 
Thomas  Carlyle.  Carefully  printed  in  antique  type,  and  illustrated 
with  Portrait  and  beautiful  Engravings  on  Steel.  Cloth,  gilt  edges,  3/-  ; 
malachite,  10/6.     Second  Thousand. 

BYRON    (Lord):     CHILDE    HAROLD'S    PIL- 

GRIMACE.  With  Memoir  by  Professor  Spalding.  Illustrated  with 
Portrait  and  Engravings  on  Steel,  by  Greatbach,  MiLtER,  LiGHTFOOT, 
&c.,  from  Paintings  by  Cattermole,  Sir  T.  LAWRENCE,  H.  HOWARD, 
and  Stothard.  Beautifully  printed  on  toned  paper.  Cloth,  gilt  edges, 
3;  ;  malachite,  10/6.     Third  Thousand. 

CAMPBELL    (Thomas)  :      THE     PLEASURES 

OF  HOPE.  With  Introductory  Memoir  by  the  Rev.  Charles  Rogers, 
LL.D.,  and  several  Poems  never  before  published.  Illustrated  with  Por- 
trait and  Steel  Engravings.  Cloth,  g^lt  edges,  3/- ;  malachite,  10/6. 
Second  Tlwusand. 

CHATTERTON'S      (Thomas)      POETICAL 

WORKS.  With  an  Original  Memoir  by  FREDERICK  MARTIN,  and 
Portrait.  Beautifully  illustrated  on  Steel,  and  elegantly  printed.  Cloth, 
gilt  edges,  3/-  ;  malachite,  I0;6.     Fourth  Thousand. 

GOLDSMITH'S   (Oliver)   POETICAL  WORKS. 

With  Memoir  by  Professor  Spalding.  Exquisitely  illustrated  with  Steel 
Engravings.  Printed  on  superior  toned  paper.  Cloth,  gilt  edges,  3/-  ; 
malachite,  10/6.     New  Edition.     Seventh  Thousand. 

GRAY'S  (Thomas)  POETICAL  WORKS.     With 

Life  by  the  Rev.  John  Mitford,  and  Essay  by  the  Earl  of  Carlisle. 
With  Portrait  and  numerous  Engravings  on  Steel  and  Wood.  Elegantly 
printed  on  toned  paper.  Cloth,  gilt  edges,  5/-  ;  malachite,  1 2/6.  Eton 
Edition^  with  the  Latin  Poems.     Sixth  Thousand. 

HERBERT'S    (George)     POETICAL    WORKS. 

With  Memoir  by  J.  NiCHOL,  B.A.,  Oxon.,  Prof,  of  English  Literature  in 
the  University  of  Glasgow.  Edited  by  CHARLES  CoWDEN  CLARKE. 
Antique  headmgs  to  each  page.  Cloth,  gilt  edges,  3/-  ;  malachite,  10/6. 
Second  Thousand. 
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The  Emesald  Series— fcoflftnu^rfA 

KEBLE  (Rev.  John):  THE  CHRISTIAN  YEAR. 

Wiih  Memoir  by  \V.  Tejiple,  Portrait,  and  Eight  bcauiiful  Engrninp 
on  Steel.  Cloth,  gill  edges,  5/-;  morocco  elegant.  ie>/6  ;  malachite,  11,6. 
Scund  Thctaand. 

FOE'S   {Edgar   Allan)   COMPLETE    POETICAL 

WORKS.  Edited,  with  Memoir,  by  James  Hannav,  FulLpiBe  lllus- 
.  irations  after  WeHNEKT,  WEfK,  Sit.  Toned  paper.  Clolh,  gilt  edge!, 
3,<'-  ;  malachite,  10/6.     TMrttentk  Tieuiand 

Olkir  tv/mnfi  in  prtfiaralicn. 


FINDEN'S    FINE    ART    WORKS. 


BEAUTIES    OF     MOORE  :      being  a  Series  of 

"     "     ■        ■.-■>--..-        .     —  r  "  "   ■■     ^  by  eminent 

,  and  "DcECTiptive  Leiler-'prtis.      l-'olio.     Cloth  gih, 
ana  gui  cages,  42;-. 

DRAWING-ROOM    TABLE    BOOK   (The):     a 

Series  of  31  highly-finished  Sleel  Engravings,  with  descriptive  Tales  by 
Mrs.  S.  C.  Hall,  Makv  Howitt,  and  oiheis.  Folio.  Lloth  gilt,  and 
gilt  edges,  II-,'. 

GALLERY  OF  MODERN  ART  (The)  :    a  Scries 

of  31  highly-finished  Sleel  Engnivinps,  with  descriptive  Tales  by  Mri- 
li.  C.  Hall,  Mahv  Howitt,  and  oiliers.  Folio.  Cloth  gilt,  and  gill 
edges,  at;-. 


FISHER'S    READY     RECKONER.    The  best  in 

the  World.     iSmu.     Bound,  1/6.     JVfu,  SJitwit. 

GILMER'S    INTEREST     TABLES :      Tables  for 

Calculation  'of  Interest,  on  any  sum,  (or  any  ni;mbet  of  days,  21  J,  1, 
'i.  2.  H,  3.  3i,  4,  4J,  S  ■■"'d  6  per  Cent.  By  Robert  GiLMEB. 
Corrected  and  enlarged.     l3mo.     Roan  Ifitered,  5,-.     SiiiA  Edihot. 

GOLDSMITH'S    (Oliver)  COMPLETE    POETI- 

C.'\L  WORKS.  With  a  Memoir  by  WlLLtAM  Si'ALIiING,  A.M.,  Pro- 
fessor of  Logic  and  Khcloric  in  the  Univeriilj-  of  St.  Andrew's.  Porlcait 
and  numcroua  Illustrations  on  Sleel  and  Wood.  Ft-jp.  4to.  Most 
elaborately  p\\,  tWV,  il-. 
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GRAEME  (Elliott):     BEETHOVEN:   a  Memoir. 

With  Portrait,  Essay  (Quasi  Fantasia)  "  on  the  Hundredth  Anniversary 
of  his  Birth,"  and  Remarks  on  the  Pianoforte  Sonatas,  with  Hints  to 
Students,  by  Dr.  Ferdinand  Hiller,  of  Colore.  Crown  8vo.  Cloth 
gilt,  elegant,  5  -     Second  Edition^  slightly  enlarged. 

"This  elegant  and  interesting  Memoir The  newest,  prettiest,  and  most  readable 

sketch  of  the  immortal  Master  of  Music." — Musical  Standard, 
"A  gracious  and  pleasant  Memorial  of  the  Centenary."— .S'/«'tr//»/<»r. 
"This  delightful  Utile  book— concise,  sympathetic,  \\i(^\z\ov&,"  —Manchester Exaitii- 


ner. 


We  can,  without   reservation,    recommend   it  as   the   most   trustworthy  and  the 
pleasantest  Memoir  of  Beethoven  published  in  England." — Obseri'rr. 

"  A  most   readable   volume,  which   ought    to  find    a  place   in  the  library  of  every 
admirer  of  the  great  Tone-Poet." — Edinburgh  Daily  Kcviezj. 

GRAEME   (Elliott):    A   NOVEL  WITH   TWO 

HEROES.     In  2  vols.,  post  8vo.     Cloth,  21/-.     Second  Edition. 

"A  decided  literary  success." — Athrn^um. 

"Clever  and  amusmg above  the   average   even  of  good   novels free  from 

sensationalism,  but  full  of  interest touches  the  deeper  chords  of  life deline- 
ation of  character  remarkably  good." — Sjn'ctator. 

"  Superior  in  all  respects  to  the  common  run  of  novels." — Daily  News. 

"A  story  of  deep  interest The  dramatic  scenes  arc  powerful  almost  to  pain- 

fuhiess  in  their  intensity."— ^^<;/jwrt«. 

HOGARTH :  The  W^orks  of  William  Hogarth,  in 

a  Series  of  One  Hundred  and  Fifty  Steel  Engravings  by  the  First 
Artists,  with  descriptive  Letterpress  by  the  Rev.  JOHN  Trusler,  and 
Introductory  Essay  on  the  Genius  ol  Hogarth,  by  James  Hannav. 
Folio.     Cloth,  gilt  edges,  52/6. 

"The  Philosopher  who  ever  preached  the  sturdy  English  virtues  which  have  made 
us  what  we  are.  * 

KNIGHT    (Charles):     PICTORIAL    GALLERY 

(The)  OF  THE  USEFUL  AND  FINE  ARTS.  Illustrated  by  nu- 
merous beautiful  Steel  Engravings,  and  nearly  Four  Thousand  Wood- 
cuts.     Two  vols.,  folio.     Cloth  gilt,  and  gilt  edges,  42/-. 

KNIGHT    (Charles):      PICTORIAL    MUSEUM 

(THE)  OF  ANIMATED  NATURE.  Illustrated  with  Four  Thousand 
Woodcuts.     Two  vols,  folio.     Cloth  gilt,  and  gilt  edges,  35/-. 

MACKETS   FREEMASONRY: 

A  LEXICON  OF  FREEMASONRY.  Containing  a  Definition  of 
its  Communicable  Terms,  Notices  of  its  History,  Traditions,  and  Anti- 
quities, and  an  Account  of  all  the  Rites  and  Mysteries  of  the  Ancient 
World.  By  Albert  G.  Mackey,  M.D.,  Secretary-General  of  the 
Supreme  Council  of  the  U.S.,  &c.  Handsomely  bound  in  cloth,  5/- 
Sixth  Edition. 

"  Of  Mackev's  Lexicon  it  would  be  impossible  to  speak  in  too  high  terms ;  suffice 
it  to  say,  that,  in  our  opinion,  it  ought  to  bis  in  the  hands  of  every  Mason  who  would 

thoroughly  understand  and  master  our  noble  Science No  Masonic   I^ge  or 

Library  snould  be  without  a  copy  of  this  most  useful  work." — Masonic  Netvs. 
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CBAMLES  OKIFFiy  *  COMPAKTS 


HENBT  MATHEWS  CELEBRATED  WOB 
ON  THE  STBEET-FOIiK  OF  LOUDON. 

LONDON    LABOUR    AND    THE    LONDO 

pfX)R :  A  Crdopatdtt  of  :he  O/adhion  and  Earnings  of  ikme  i 
mU  «E«ri  xtA  tJkou  tkst  €ian»i  uvrL  By  Hexkt  MATHEW.  H 
SU2T  fuii'io;^  lllu!tra*.:^nt  from  PhcAographs.    In  three  vols.     Dc 


4vo.     ClvUi,  4  '^  «ac.i, 

"  Ennr  y«ic«  ^  (^  *^v^  b  f rC  of  valaaUe 
k  xuwMcr  t£as  L^  reader  can  E««cr  tire.' — iUmstrmimd 

••  Mr.  Hrsrj  iU.\hew  %  Cuavak  rroQtrl  of  ihe  hakils 
Lrrxiom  y^M.  —Lvfydt  Weekly  London  Sa 

"  1  mk  renwiuUe  ^^^  ic  w^kh  Mr.  9^., 
na!  ntijchl  tef.f  tlie  fauiti,  ssodc*  «f  2i%«aiMiod, 
wwr.  ^'fke  t*mtri0t. 

The  EKirm  V 


aAtUM 


LABOUR 


THE    LONDC 


POOR :  TTiou  that  vnS  ml  vcrJL  Compriwog  the  Xoo-worfc 
Kt  IIenkv  MaVHEW;  Prostiiuie?,  hj  BBACBBUDGI  HeMTI 
Thievet,  by  JOBS  BlXNV:  Begigars  br  AXDMMW  HaLLIDAV.  ^ 
a.n    Introductory    Essay    on    the    Agencies   at    Present    in  Oneni 

in  '.he  Mf.T'ty^AU  fir  ;he  5bT^reF*ion  of  Crime  and  Mce,  by  tne  F 

V.'::.:,!A*:  'J  ■  K. :':•-.  BA..  C:;a:'*..ir  to  th-  S-j.iety  for  the  Rv=  ■«< 
^  /-:.;:  \V'.rr.»:;i  rir.d  Cr/.I-irer.,  \V::h  I!:L-:ra::oi.a  of  Scenes  ar. i  L'jj 
:^fr  .     I -J  or.c  !:ir:;c  v,!.     K  Ail  -5*  ..     Ct  Ah,  10  6. 

f.r.:..:  t;  •:  f^  ;.:.;  >^  ;,:,•:.-  •f-L.  i.-'-  *:«:-;)•  of  inc  ^rc^t^t  imj»:rt-   —Lity  /'rfi. 

THE    CRIMINAL    PRISONS    OF    LONDC 

:.:':  S?t:*'.i:  o*  I^r!  on  Life.  F5y  Hevkv  Mavhew  and  JOHN  BlXNV.  11 
:ra*.t'i  '•  y  re^^riy  i*aj  ht-nire'i  hi.;(Taviri;5'-«  on  Wockj,  princijially  fi 
I':  /.o^fTuph-.     ill  or.e  lar;;c  *.  jl.     Imperial  ivo.     Cloth.  lo  6. 

f >>:."I  L.NT?  : — General    View   of    London,    ii^    Population,    Size 
C   ■  *.ra<^i-. —  I'rofe-  vavaX  Lor. 'ion — Criminal  London — Pcntonville  Pri 

—  i  jjc  Hl!k-.  a*.  Wo  Jwicii — MillJ.ank  Pri-on — The  Middlesex  Hou?< 
\)r\K\\n't\\ — C  r'\\ij,\\\  f'ieid^ — The  Middle-cx  Hou^e  of  Correitijii.  1 
hi  !   I'lcl'l-: — The  Surrey  Hou-c  ui  Corrcciion,   Wandrwjrth — Nc\\«; 

—  M  or  tC  rr.or.  i^e  r  Lane — <.  !er  ken  w  el  I. 

'  J'!.  \'.\\\x\\*t  '. /• '.I'l'!':  M-.  H*;.*^*  M:.y!.«r»  «.  .'fiji^u- 1  of  h:-*  re^an  ht*  ir,t> 
*r'.:  K  uuA  i^-A'-r.y  '>f  I  ''r.«!  ;:..  I  r.-  itinv'J.-i:  i/f  ].Lt>i^ur  of  one  kind  \.ir  ochcr,  »huh 
v'  /':  -*T.ciof  :.:•  y\x\\\'  jX\h:.    -tj/rc-cit-,  i^.  ^'^metliin;;  almost  incakulablc.  ' — LtU- 

Mii,  rtN'.r:  t'."'  f''-<or<;  '.f  I'.vt-«-ti.;:.tic:i-  i.-.to  the  ror.dllion  of  the  Puor  of 
M«;ir»-»j^/i .,  iin*l«:rt;ii  «:;i  (t  A.\  }.hib.'i::.r./|iti,  nwtivc*  \>y  Mr.  HhNKV  M  wnt.w,  fir>t  j;;i\t 
wcaJthirr  '..'a"-"^.  of  Kj./I.i'.t!  ^..ni«-  i't::!  ^f  the  "»late  of  HeathcniMn.  Degradation,  ami  Mi 
in  whi'.,'j  rnuli.tu'i'  ■  of  i:i«.ir  p^xT^ir  !.rtthrtn  lani^ui^hed.  Hi>»  re\'eJaiiwv\  created,  al 
lirne  of  th«lr  iif  t.ear.iK  e,  univrr>ai  horr-r  aii<l  cxcitcment--that  .1  nation,  prufcv. 
t.7.rijti>it',  sho^I'l  ha\c  jn  ii-*  mid  .1  a  va^i  {ii>f>ulation,  so  sunk  in  ignoran'.e,  vice,  and 
hatr»-d  «>f  K«li^i'iii,  u..  dcciiud  iru  r^diMe,  until  further  examination  evtaoli>h'.*d  the  l 
of  th<-  •'t.it«:nicri(->  ..<.v;in' t<I.  'J  he  x-.-.ii  i->  well  known.  'Ihe  Ixmdon  of  Mr.  M  \vhi-/w 
hai'pily,  ^fm  exi%i  osly  in  Ki.-.  irij;;e..  J-i  th<^^  who  would  appreciate  the  efforts  a!r 
e  anvniK  ^^■••-  ranl^  whi'.Ji  rc«.ruit  or.-  "liangerous"  classes  and  who  uould  learn  i 
Rnuiins  lo  \/e.  0.<?if,  vW  N.«irU  uiil  atf-rd  enli;;htennicnt,    not  unmingled  with  >urTi 
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MILLER    (Thomas,  Author  of   "Pleasures   of  a 

Country  Life,"  &c.)  : 

THE  LANGUAGE  OF  FLOWERS.  With  Eight  beautifully, 
coloured  Floral  Plates.  Fcap.  8vo.  Cloth,  gilt  edges,  3/6.  Fourteenth 
Thousand. 

"  A  book 
In  which  thou  wilt  find  many  a  lovely  saying 
About  the  leaves  and  flowers." — Keats. 

MILLER   (Thomas)  :     THE    LANGUAGE    OF 

FLOWERS.  Abridged  from  the  larger  work  by  Thomas  Miller. 
With  coloured  Frontispiece.    Limp  cloth,  6d.     Cheap  Edition. 

POE'S  (Edgar  Allan)  :     COMPLETE  POETICAL 

WORKS.  Edited,  with  Memoir,  by  JAMES  Hannay.  F'uU-page  Illus- 
trations after  Wehnekt,  Weik,  and  others.  In  paper  wrapper, 
Illustrated,  1/6. 

SHAKSPEARE:   THE  FAMILY.     The  Dramatic 

Works  of  WILLIAM  SHAKSPEARE,  edited  and  expressly  adapted 
for  Home  and  School  Use.  By  Thomas  Bowdler,  F.R.S.  With 
Twelve  beautiful  Illustrations  on  Steel.  Crown  8vo.  Cloth,  gilt,  10/6  ; 
morocco  antique,  17/6.     New  Edition. 

*,*  This  unique  Edition  of  the  great  dramatist  is  admirably  suited  for 
home  use  ;  while  objectionable  phrases  have  been  expurgated^  no  rash  liberties 
have  been  taken  with  the  text. 

"It  is  quite  undeniable  that  there  are  many  passages  in  Shakespeare  which  a 
father  could  not  read  aloud  to  his  children — a  brother  to  his  sister — or  a  gentleman  to 
a  lady ;  and  every  one  almost  must  have  felt  or  witnessed  the  extreme  awkwardness, 


and  even  distress,  that   arises   from  suddenly  stumbling  upon  such  expressions 

Those  who  recollect  such  scenes  must  all  rejoice  that  Mr.  Bowdler  has  provided  a 

security  against  their  recurrence..... I'his  purification  has  been  accomplished  with 

surprismgly  little  loss,  either  of  weight  or  value  ;  the  base  alloy  in  the  pure  metal  of 

Shakspeare  has  been  found  to  amount   to  an   inconceivably  small  jiroportion 

It  has  in  general  been  found  easy  to  extirpate  the  offensive  expressions  of  our  ^eat 
poet  without  any  injury  to  the  context,  or  any  visible  scar  or  blank  in  the  composition. 
J'hey  turn  out  to  be  not  so  much  cankers  in  the  flowers,  as  weeds  that  have  sprung 
up  by  their  side — not  flaws  in  the  metal,  but  impurities  that  have  gathered  on  its 
surface — .ind,  so  far  from  being  missed,  on  their  removal  the  work  generally  appears 
more  natural  and  harmonious  without  them." — Lord  y(fffrey  in  the  **  Edinburgh 
Review" 

SHAKSPEARE'S    DRAMATIC    &    POETICAL 

WORKS.  Revised  from  the  Original  Editions,  with  a  Memoir  and 
Essay  on  his  Genius  by  Barrv  Cornwall  ;  and  Annotations  and 
Introductory  Remarks  on  his  Plays,  by  R.  H.  HORNE,  and  other  eminent 
writers.  With  numerous  Woodcut  Illustrations  and  fiill-page  Steel 
Engravings  by  Kenny  Meadows.  Three  vols.,  super-royal  8vo.  Cloth 
gilt,  42/-.     Tenth  Edition. 

SHAKSPEARE'S    WORKS.      Edited    by   T.   O. 

Halliwell,  F.R.S.,  F.S.A.  With  Historical  Introductions,  Notes, 
Explanatory  and  Critical,  and  a  Series  of  Portraits  on  Steel.  Three 
vols.,  royal  8vo.     Cloth  gilt,  50/-. 


l  CHARLES    a/tlFF/y    *    COJfPAyYS 

MR.    SOUTHGATE'S     WORKS. 


F//fSr  SERIES— THIRTY- FIR  ST  EDITIOS. 
SECOND  SERfES—SEVEN'TH  EDITION. 


Many  Thoughts  of  Many  Minds 

Selections  and  yaMatian;  Itom  the  best  Authors    Compiled  and 

Analytically  Arranged  by 

HENRY     SOUTHGATE, 

In  squnre  8vo,,  elegnnlly  ptinied  on  Toned  Paper. 

Clolh  and  Gold 11/6  each  Va|^H 

Library  Edition,  Rosbuighe  14/-  '^H 

Ditto,  Morocco  Antique         ....      21/-  „      ^H 

Eatk  Strut  can^bu  m  Uitl/.  and  loU  s^aralrfy.  ^^ 

"The  pnducc  of  yun  oTrr 

"A    HAHKlTltEIlT    CtfT-BOl 

"  Not  sQ  mnch  n  book  v  1  libnvy."- 
"PR^hminil   PuLIk  SuEikcrs  wii: 


BY    THE     SAME    AUTHOR. 

N^w   Ready.   SECONn   Editio.v, 

SUGGESTIVE  THODGHTS  ON  REUGIODS  SOBJECT! 

A  Dkvionary  oi  yuotations  and  Selected  Passages  from  nearly  I.OOO  ol 
the  best  Writers,  Ancient  and  Modem. 

For   the    Uae  of  the   Clerqv  and   Others. 
Compiled   and    AniMlcally   Arranged  by   HENRY    SOUTHGATE. 
Square  3vo.     Cloth  Elegant,  10/6 ;  Library  Edition,  half  Roiburghe,  iij 
Morocco  Antique,  30/-. 

of  evcg  Seclkin  of  the  ont  tllh^lkCh^'of  jSuS  CHRIST."— ,(««w?/'-»/ui^ 

"Thii  a  Bnwhcr  of  Mr.  SouIhUBIi'it  mod  nlusUg  ireliuna     .      .      .      The  miu 

which  the  Author  a  so  BUcces»lully  prosKuiing  Id  liicnlure  1e  not  only  tufhlj  bcoe^ 

hut  ntcevsuy  Ln  this  age    ...     If  men  an  to  make  uiy  acquintance  at  all  with 


„ —EtitUsh  CiHTckmtK. 

r.  Sovthgatt'i  woik  h^  brcn  nHPinled  with  a  gnat  deal  of  jadEmcnt, 

i, . — ■...._ *-].-_«„.  Cantt  LUdn.  DD..  D.C.L. 

n  teacher  «ill  be  thankhi]   to  Ur.  ^^Ih^te  for 


niJYely  niefLil.-'- 

^  — imy  ChriKioji  teacher  «ill  be  thankhi]   to  Ur.  ^^Ih^te  for  ha^vic 

earthed  n>  many  rich  grnu  of  thought  \  while  many  Dutnide  the  lolnincnaL  drcle  will  aU 


;1  within  Ih«  page&  of  Ihii    \ 

npilation  is  ditcovend.  when 
A  particular  subject,  or  tccici  of  Bubjecan  at  Ulutljaied  by  It 
frahit  shed  by  poHaffu  selected  rrom  the  lifst  aulhon  10  all  a 


frahls  shed  I™  poHUU  selected  Froo 
mk  of  icference.  "—Sdimiurgh  Dml) 
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THE    SHILLING    MANUALS. 

By  JOHN   TIMES,   F.S.A., 

Author  of  "  The  Curiosities  of  London,"  &c. 

A  Series  of  Hand-Books,  containing  Facts  and  Anecdotes  interesting  to 
all  Readers.     Fcap.  8vo.     Neat  cloth,  one  shilling  each.     Second  Edition, 


I.— CHARACTERISTICS  OF  EMINENT  MEN.    By  John  Times. 
Bound  in  neat  cloth,  price  i/- 

II.— CURIOSITIES  OF  ANIMAL  AND  VEGETABLE  LIFE.  By 
John  Timbs.     Neat  cloth,  price  i/-. 

III.— ODDITIES  OF  HISTORY  AND  STRANGE  STORIES  FOR 
ALL  CLASSES.  Selected  and  compiled  by  JOHN  TiMBS.  Neat  cloth, 
price  i/-. 

IV.-ONE  THOUSAND  DOMESTIC  HINTS  on  the  Choice  of  Pro- 
visions, Cookery,  and  Housekeeping ;  new  Inventions  and  Improve- 
ments ;  and  various  branches  of^  Household  Management  Written 
and  compiled  by  JOHN  TiMBS.     Neat  cloth,  price  i/-. 

v.— POPULAR  SCIENCE  :  Recent  Researches  on  the  Sun,  Moon,  Stars, 
and  Meteors  ;  The  Earth ;  Phen»>  mena  of  Life,  Sight,  and  Sound  ;  In- 
ventions and  Discoveries.  Written  and  compiled  by  JOHN  TiMBS.  Neat 
cloth,  price  i/-. 

VL— THOUGHTS  FOR  TIMES  AND  SEASONS.  Selected  and  com- 
piled by  John  Timbs.    Neat  cloth,  price  i/-. 

"It  b  difficult  to  determine  which  of  these  volumes  is  the  most  attractive.  Will 
be  toimd  equally  enjoyable  on  a  railway  jotimey,  or  by  the  fireside." — Mining  Joumat 

"  These  addidons^  to  the  Library,  i>roduced  by  Mr.  Timbs'  industry  and  ability, 
are  useful,  and  in  his  pages  many  a  hint  and  suggestion,  and  many  a  fact  of  import- 
ance is  stored  up  that  would  otherwise  have  been  lost  to  the  public." — Builder, 

"Capital  little  books  of  about  a  himdred  pages  each,  wherein  the  indefiitigable 
Author  b  seen  at  his  best." — Mtchanic's  Magaxint, 

"  Extremely  interesting  volumes." — Evening  Standard. 

"Amusing,  instructive,  and  interesting As  food  for  thought  and  pleasant 

reading,  we  can  heartily  recommend  the  'Shilling  Manuals.'" — Birmingham  Daily 
Gazette. 


TIMBS   (John,   F.S.A.)  :       PLEASANT    HALF- 

HOURS  FOR  THE  FAMILY  CIRCLE.    Containing  Popalir  Science, 
One    Thousand  Domestic  Hints,    Thoughts  for  Times  and    Seasons, 
Oddities  of  History,  and   Characteristics  of  Great  Men.    Fcap.  8vo 
Cloth  gilt,  and  g^lt  edges,  5/-.    Seccnd  Edition. 

"  Contains  a  wealth  of  useful  reading  of  the  greatest  possible  \9xwtf.*'— Plymouth 
Mercury. 

WANDERINGS    IN    EVERY    CLIME:      Or, 

Vo)rages,  Travels  and  Adventures  All  Round  the  World.  Edited  by 
W.  F.  AiNSWORTH,  F.R.G.S.,  F.S.A.,  &c,  and  embellished  iRrith  up- 
wards of  Two  Hundred  Illustrations  by  the  first  Artists,  including 
several  from  the  master-pencil  of  Gustave  Dore.  Demy  4to,  800 
pages.    Cloth  and  gold,  bevelled  boards,  21/-. 


THIRTIETH       THOUSAN  I><H 

Largt  Sif,  Cloth,  villi  ISO  fl/mlratiois,  Ss.  d.i. 

A    DICTIONARY    OF 

DOMESTIC  MEDICIN 

AND   HOUSEHOLD  SURGERY. 

SPENCER  THOMSON,  M.D.,  Edin.,  L.R.C.S. 

TkareHgkiy  reviiiJ  und  brought   daan  to  /At  pristnt  slate  of  JJtdital  S< 
With  Appindu:  en  tht  MANAGEMENT  ef  Uu  SICK.ROOM,  and 
Hints  for  Ikt  DIET  a»d   COMFORT  b/  INVALIDS. 

From  the  Author's  Prefatory  Address. 
"  Without  entering  upon  thai  difficult  ground  which  correct  profcs 
knowledge,  and  educated  judgment,  can  alone  permit  to  be  safely  trodden, 
is  a  wide  mnd  extensive  field  for  exertion,  s.nd  for  uiefulnes!,  open  ^ 
unpiofeiGional,  in  the  kindly  ofEces  of  a  (nw  DOMESTIC  MEDICINI 
timely  help  and  solace  of  a  simple  HOUSEHOLD  SURGERY,  or  bclte 
in  thewatchtul  cure  more  generally  known  as  "SANITARY  PRECAUTI' 
which  tcnda  rather  to  preserve  health  than  to  cure  disesse.  '■  The  touct 
gentle  hand"  will  not  be  less  gentle  because  guided  by  knowledge,  nor  wi 
taft  domestic  remedies  be  less  anxiously  or  carefully  administered.  I.ifc 
be  saved,  suffering  may  always  be  alleviated.  Even  lo  the  resident  i 
midst  of  civilization,  the '■  KNOWLEDGE  IS  POWER,"  lo  do  good 
the  settler  and  emigrant  it  ii  INVALUABLE. 


d  by  a  few,  a 


s  for  the  public  lo  stlempl  any  such,  folly;   but  people  i 


or  to  the  patent  i_  _ 

mystery  with  which  some  would  invest  their  calling.  And  not  patent  qua 
alone,  but  professional  quackery  also,  is  less  likely  to  lind  footing  und< 
roof  of  the  intelligent  man,  who,  (o  common  sense  and  judcnienl,  add*  a 
knowledge  of  the  whys  and  wherefores  of  the  treatment  of  himself  and  b 
Against  that  knowledge  which  might  aid  b  sufferer  from  accident,  or  i 
emergency  of  sudden  illness,  no  humane  man  can  offer  or  receive  any  objec 

—  — .__  uid  Household  Surgery 

u  yet  appeared.  —I^OHdan  'Jottnal  of  Mtdteint. 
"Dr.  ThDnuon  \\BA  rully  tuccvcdvd  In  conveyiqff  lo  the  public  a V241  junotuit  of 

nirpriaing" — Urtlicml 


LONDON: 

CHARLES  GRIFFIN  &  COMPA^ 

11,  ■E'^Y.TF-R   STREET,  STRAND. 


